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Urogenital sims, Sulbo-vestiboler, #ulbc-ursthral, and 
Prostate glands and Suturethral Divertioulus, Supre- 
urethral Viverticulu= 

Phallus and *xternal Ccnitelia ae far ac made out. 
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In cattle a female torn co-twin to a sale is sterile in the 
majority of cases ond is known among cattlemen as a "freeenmertin". 
By so~e authors all females of two-asxed twins in cattle are called 
frecemrtins. The proportion of the cases in ® ich such female is 
normal is civen as follows; Suman (*44) one in cight, Uber ('15) 
six in ninety-one, Lillie ("£5) six in thirtyenéne. These with one 
in thirty-six as found by the author, cake a tetal of 20 in 87, or 
about 7 in 14. ‘Ths reason for the sterility is quite conclusively 
shown by Liliie ("26,'I7,'23) to be duc to cofinite and sufficient 
vascular éenistousis between the circulations of the twine in the 
placertal wesbranes, in the absence of which the fomle is normal. 
The male ic always nor-al. 

By the older authors the froe-martin was classed er an 
hermaphrodite, er pseude-hermaphredite, as mo iified cale 
(Susan, '44)(D. Barry Hart, °10}(Bateson, 13), or az modified 
feralte (Suman, °44). The last named auther classed then as sales 
or es fezales, according as ths crgans are core or lesa female 
or male in type. Spiegelborg {°62) classed ther as transverse 
hermaphrodites. 

Suman ('4¢) describes the ease of a supposed free-rartin 
wsich he obtained from a dealer shon a your old. which had an 
apparently female sct of external genitalia, sovec veatrally 
along the body-wall, with an acceasory urethral opening dorsal 
to it. The interral urogenital organs wore decidsily sale, but 
9 evideres can be get from his figure as to the develo ment of 
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an udder or scretun, and the latter would be a etrong criterion of 
maleness. Keller and Tandler (14) state incidentally that they 
have note: sodifications of the external genitalia in the male 
direction, but they do not cescribe thes. A case is deseribod 
and interpreted as abnormal male by Hacnusson ('18) of a foetus 
twin to a normal bull calf, which had no prepuce, scrotum, vulva, 
vagina, developed cerviz, fallopian tubes or bydratid, asd no 
prostates, but which had a short hidden penis in the urethra, on 
udder and teats, a uterus with horns and body, svminal vesicles. 
vae ceferens, epididy=is, ani partially descended gonad. ith 
these fow possible exceptions, the female is modified in « re- 
carkably definite and iimited manner, sc thet her internal genital 
organs are wade over in the male direction, oni her external ones 
romain distinctively fevale. | 

As to the cause of this remarkable situation, Lillie ('16,°17), 
in America, ani Feller and Tandler (°16) in Surope, quite inde} 
pendently, arrives at the saze conclusion that the froc-nartin 
condition is due te the action of u cale horsone, from the oale 
co=twin, passing by vascolar anastesesic of the placental vessels 
to the fecaleo, whieh cacees -odification ofthe internal gonerative 
organ: of such female in the male direction, sithout in any way 
interfering with the normal devolopment of the wale co-twin. ellcr 
and Tandler do oct say whore they thing the horsone is produced 
nor thes it begins to act. Lillie ('17) postulates that since the 
interstitial cslis of the ~ameal testis develop lony before those 
of the ovary, they ore probably the seat of sale hormone production. © 
Lillie ard Busco: ('22) amd Baseom ('22) show that the interstitial 
callie of normal sale cattle exnbryes aprear between 2.7 and 3.0 om. 
stages, wh ch is about the time of the initiation of external sexval 
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differentiation, shile they Jo not appear in fectales till 87.0 om, 
woich ie nosr the time ef birth, Lillie ("2%) shows that the khorsone 
is alroady effective ina free--artin of 3.75 ons. and points out that 
sysotic sox-detersining factors are alco in a cortain degree sexe 
differentiating factors in warmalis aa in insects, ard that, thile 
in the ferale these factors are probably cot reinforesd br sexe © 
horwone acticn till abo + the time of birth at earlicrt, in the male 
they are reinforcec early. fie seers to think that the hormone may 
be introduce: in the cave of the freeesartin before sexual differcr- 
tiation, but this can hardly be true for the appearance of inter~ 
etitial calls is in itself a sexual differertiation, ani ir the 
froo-cartin, while the arsstomosis does take plac as early az the 
1% os. stage, Lillie (*25), and probably as carly ae 1.0 om, 
confirmed in the eriter's collection, th= hormone cannot be intro- 
duced before the appearance cf the celle that produce it. In tae 
freeerartin senile the effects may appear early in come cases and 
are the saca effects as produced in the mais, in other case, 
they do sot appear till the female bas undersone e considerable 
arount of sexual differentiation. Presusably the hormone has 
‘pot been introduced ti22 near that stare. 

fo date no exact and sinvte anatocical comparisons of the 
earlier stages of norval vale and ?esale ecnbryonic and foctal 
developecnt have been eade with reference to the 4i Pforentiation 
of the sexeducts ami erogenitel canals. Tis, with the sa-s sort 
of study of the “re «martin. is neocasary, of course, a6 a bacis 
for the comlete analysis ef the causes of the free-sartin con 


dition and its variation. 
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Sergechicker (‘1°) worked out the development of th» female 
folffian and Millerian ducts and genital apperatus in cattle and 
dsncribes the changes found in the normel femaie. Lillie (17, 
*22) took ug the gross amatesical scodifications of the free- 
martin az compared «ith some males and fewales as a basis for his 
theory of the frec-eartinm, and a minute study of a 2.75 ope free- 
sertin gonad ami external gebitalia. Chapin ("27) inoludes inher 
paper on the foetal free-martin gonad sons notes on the ducts 
aijacernt to the gonad. All cariier studies consist for tne most 
part of anatomical descriptions of imiiviiual free-martine without 
, any attempt to correlate the situation with sormal codes of 
developrent. | : 

Gress dissection cannot show the resl state ef the cucts and 
their derivatives and definite knowledge of these cond tions at 
scesssive stages in both normais and frecesartins, and a com 
paricon of one sits acother at equivalent stages, is necessary as 
the casie for decisive conclusions as to tas course and causes 
cf this ~cdification. 

At the euggestion cf Professor F. 8. Lillie, the writer 
started to investigete the norma. d«velopwent of the sexeducts | 
and genital canals in sale acd female calf-onbryos, up te a stare 
when the orgens are well started towerd their cefinitive core 


dition, “or the porpoce of comparing the wodes of Sevelopment in 
the two sexes. As the collection of material for the atudy cute 


lined abeve went on, fres-surtinse wore taken ubich fitted imto the 
series, and a comparison of five of then with the normais has been 
incorporate’ into the study. In one case, the comparison of tao 
free-cartins of the sa>e sise has been madd te determine and sor- 
relate toe variations found in these of the sasze sise. 
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The writer wishes to express his cratitude te Professor Lillie 
for his suggestion of the original problem and for unfailing and 
kindly advice and instruction throughout the work. 

Starting with the premises as a working hypothasi«, thet the 
fres-nertin was @ sygotically determine’ female firct, and that 
she sould have had the normal ferale mode of development throughout, 
but for the action of the male borevne infected into her in utero 
by way Of the placental vascular anastososia, the investigation has 
been an attempt to Pind out the effect of this male hormone on the 
female subryonic develomment. This is done by attecpting to analyse 
the ccories of natural experiments presented, with reference to the 
factors in®luencing the varying results, and different degrees of 
the same result, produced, using the normals as controls. An attempt 
has therefore been made to test the working hypothesis and tc ancwer 
the following questions in adaition;- 

(1) ®hat ere the no-mal female ard male modes of developzent? 

(2) hat changes from the expected cormal forale ~ode have 
resulted? 

(3) What factors underljethe variations in the observed 
affects of the hormone in the freeemartins studied? 

(4) Is the action of the hormone limited to any seta of 
structures? If so, to that iorres, snd in that manner, 
does it affec’. cach set ef organs? 

Tids investigation leads to the following general ocnclunicons 

in addition be producing evidence that the working hypothesis was 
sound;- 


(23 The corms! female development of theo Whlierian duct- 


“dorivativessof the distinctive seco -dary acz- cords in the cortex — 


of the ovary,and late developcent of secondary tunica olbuginea: 
the development of the femals type of sinus urogeritalis, with 
asuburethral diverticulus, vestibule, vulva, bulbo-vestibular clands, 


anc clitoris; ard the development of a rouni ligawent; the de- 
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generation of the Volffia: duct cerivatives; and the early less . 
of connection of th: cranial group of mesonephric tubules fe the 

¥olfPian duct, would have gone on apparently under the contre! of 
zygotic fuctors, unaided by reinforcenent by sex-hernone action, 

at least till near the time of birth. 

The normal sale mode consiats of the development of the 
Solffian duct derivatives, the carly separation of the sox-cords 
from the epitheliun of the gonad, and failure of secondary sex 
cords to form; the early decenmration of the “fillerian duct 
gerivativres; the development of thu sale type of urogenital sinus 
derivatives, without euburethral diverticulu:, and with short urethra 
proper, and long prostatic and cavernous urethrac, sismoi« flexure, 
bulbo-urethral clends, and distinetive little couch at the tend of 
the urethra; the ventral sigration of the penis and growth of the 
perineus; the development cf serotea> and distinctive gubernaculu 
and saccus vaginalis; undcr the control of sygotic factors reinforced 
early by eaie tor cone action. 

(2) The changes from the expected fesale mode are; failure 
to appear, or degeneration, of the secomiar, sex-corde in ths gonads 
degeneration of the Willerian duct derivatives es in the male, but 
showing signs of having Geveloped as in Perales to varying degrees 
before devererating: the development of the Yolffian duct derivatives 
as in sales, with signe cf early partial degenerstion as in females; 
practically ne dhenan in the fewale mode of development of the ures 
genital sinus derivatives; and developsent of a more or lens sale type 
of gubernaculus and saceus vaginalis. All shor the effects of the 
sale hormone parallel to these in the «ale. 

(8) from the results brought out by teis atudy it is believed 
thatthe factors underlying the variations in degrees of effect of 
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this hormone in differost free-martins of the sams sige and in those 
of different siseo are;- (2) Time ©” imitdation ef horsone action, 
ehich in turn depends on tiwe of hormone production in the sale so- 
tein, or on tise of completion of placental vaseular enactomosis. 
{b) the lengts of time the hormone has been acting, just as in the 
normal male, where time is a factor in the atate of thie dusta, GhCes 
at any stace, but with a variable condition of the orgens upon wich 
it has te begin actions. 

(4) In all cases observed, the octien of this horsens on the 
organs of reproduction is limited to organs of mosed:rual orircin, 
and fails to effect those of entedormal origin, exespt, porhaps, to 
cause slightly earlicr appe ranee of para-urethral ducts, w ich, 
aQwever, are not malic in type. but definitely fecale. Externel ceni- 
telia, in.al! cases observed, are unaffected in the male direction. 
Though it is mot lost sight of, thet some such nodifiestions are 
described by ctheor observers, it is believe that they say wall be 
of zyzotic origin and not dus to mlo hormone acticr in uterine life. 
Such modifications appear in sincgle-born individeals, ard are there. 
fore to be expected in about the sane proportions smong two-sere: 
twins, whether with hormone action or rithoct. . 

The epparont «pesificity in the hormene action is due to 
specific reactions of the tissues affected, in that some are 
atimulated to increased developsent and differentiaticn by it, 
while otbors are ichibite an caused to desencrate, and still 
ethers appear unaffected. The changes in ,en-ral bedy shap: note? 
in froeemeartics, and in e:uivalent organe in the two sexes, in which 
the fece-uertine resevble ssles somewhat, would chow that other perts 
beside sex-organs are affected differentially. If there are parts 
unaffected, they may «ell be sy, otically controlled or past a critical 
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sta:.¢ befors the hormone reaches thes. Tis would also account for 
the fuct thet complete sex-invercion is ~ct “ound in free-wartins. 


The fact that the affected organs in free-murtins lie antorior 


to the vestibule, will ecoount for their being clasaifie. by early 
iters ac transverse heroushrocites,. 


fois study also shows that, not only does the male jormene ine 
hibit the development of Wallerian duct derivetives and ovarian 


secondary sex-oords, but it cauece active deseneration of thase 
structures when they are already formed in the female onbryo. 
would lena support to the ides of Steinach 
Lillie (*22 


Tiis 

"12 ard later) and 
that tne testis, through its hormce «, exerts an action 
that is antagonistic to the ovary, at leact in early ombryonic life, 
and would show tnat Sand ('19) ant Moore ('*2) are set correct in be- 
lieving that, in all caaos, the wale horsone is stieplatin; in effect, 
and never inhibiting. 


Hot onig is it inhibiting in action, but evan 
actively antayonistic te the secondary sex-cords alreasy doveloped 
to @ considerable decree i 


an esbryenic ovary. 


There is no evidence found in the pursyance of this study of the 
forcation in cattle of reciprocals of tie free-martin as inferred 


by Hartman (°20) for the Opposuz acd evidently acesptei by bin as 
poscible in “an and bog. 


TERIAL Atl METHOUS 


All the ssbryos upon which this stusy iv based sere ccliected — 
by the writer on the teef-rillin, floor of ift and vompany. in 
Chicago, between april, “1921 anc april, 1925, and toe writer is in- 
debted to then, and to Janes Walker, their foreman on t o killing 


floor, for «ind ceoperation ani valuable agcistanes. 
Uterd were cpened as econ as tazen from t).e@ gow, about 70-25 


opened, and the enbryos lezs than 
and fixed, 
a 


Qe 


«drytes after her throat had beer cut, the chorions taken out and 


sillimetera in length, killed 
entire, in Booin's finid. Sises up te §.9 ome forehead~- 
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anel length had the abdomen opened, the liver and intestines taken 
out, end were then immediately put inte Bouin"’s fluid. Larger 
sizes had the front quarters cut off at the ucbiliens level, the 
sycphysis pubis and ischii cut through, and spread, to let in the 
fluid, ani see then aut in Bovin’s fiwid. This insured killing 
and Pixing fresh, for, iv ease cages, embryos of 4-6 c=. hud the - 
heart continue to beat for from 12-26 ainutes .fter their theraxes 
e¢re opened. In nc ¢aceshac material, that was kept core than two 
hours befere going inte” the fe@in’s finid, been used in this study. 

After 24-36 hours “in Souin"s flaid kept etrong Sy chances into 
new fluid, the saterial was washed in $04 and 70f alcohol and then 
in 80% alcohol to which a trace of Lithium carbonate hadi been 
asied, for two days te remove Pleric acid. It wus thes kept in 
80f alcohol till dissecte: for drawing or photegraphing before 
staining end sectioning. After draning, for record of pine: 
anatomy, the larger material, 7.5 Gu. and ower, had the right sonad 
ana ducts back te the union of the genital conis, out off and em 
bedded sessrately for ssction. The picces so trigced were stained 
in bulk in Alum Cochineal for %4-30 hours, then dehydrated in 
@icehols and synthetic ofl of Wintergreen asi esthedded in soft 
paraffin for s-rial-sectioning from 15-40 sicra thick, excest in 
cases shore the other side was sectioned tiinner for comparison. 
After pounting, the section serics were counterstained in Orange @, 
er Lichtgrfn, tut the istter stain wa abandoned, a it dis not 
give as clear differentiation as the Orange G. 

Yeesurements as civen in this study are “orshsad-anal lengths. 
for those that hed straichtened cut, and from the cervical flexure 
to the opperite curve of the rump, in sealler ones. These nessures 
were oasiest to wake accurately at the time of ccllestion of the 
killins-floeor, in the ceses ef the larger ones, ani for the smaller 
onen, chore eeasurement could not be accurate till killed and fized, 
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because un“ived tiseues were too nearly transparent, it was the sost 


constant length easy te oesure sgcurataly. If very young «ta-cs 
are to be etisiied sore adfostoemts will be -S0e02Rrye 

In all cases except thoss of the 16.0 om. femle (Tig. 9) ain 
2009 om cale (Pic. 19) the left set of ducts and the parte eomontto 
beth sides swsre seasured for the reconstructions, but in those cases 
the right side was substituted keeauic of accident to the Isft gonad 
and genital cord. ‘This wakes these reconstructions loner, because 
the right ¢ide has 2 loss a vareed sta e of retreat of the organs, 
togetcer with its other evidences of slower development. These 
facts are stated in connection with the affected parts in the dove 
cription of the findings. 

he illustrat ons Por tiie paper ere cade by tr. Een{i Toda, 
Figures 1 and. 2 from the sections, ani thre rest from the oririnal 
drawings to sosle by the author. | 

In making the original dravings, for larger specisone then 
Sel c&e, the rectus war taken as reference linc, froe which to 


measure the dorsoeventral digsplacesent. in “dera, as shown oy an 


ocular sicromster calibrated apainst « Zeiss stase micreneter, 


gach division of the ocular sicroxeter corresponding te 85.7 
eiera. Length slong the anterc-poct rior axia was obtained by 
courting the eorial sections from the posterior tio of the phallus 
forward, and multiplying by the thickness in siora per section. 
brawings from 7.5 om. specimens up, wers cade to a scale of five 
in bots dimensions, with the exception of tae 10.0 om. maid, 
which, with the sveller specicens, war made to ¢ soule of ton. 
Lateral dicplecoments are not taxen inte account, eseept in the 
case of the 90.9 om. | ls, where the “olffian duct derivatives 
gre placed ventrel te the vagina while they are really in the 
vortro-lateral walle of that organ. in the case of the guber- 
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naculus there is sows corwenticn used as to the saccus vaginalis 
and the licament, +o show the cavity in the caceous ourreunding 
the subernnculum ligeme t. In such reconstruction it war im 
possible +o show how they Joined tne cord in either sales or 
females. In all cuges the size relations of these structures 
are to the same scale, api dicterticns due to faulty pooition 

. in reagents ar not corrected. In cases there a part of a struce 
. ture is dissected aray or injured by accident that structure is 
snown incomplete. All reconstruction fi,ures, except those of the 
15.9 cn. fesale and 20.79 cm. stale, represent zitror isages of the 
organs, as to lateral -isplacsoment, so that the organs of the Iseft 
side appear beyond the iucts shersas they are really noarer and 
would cover thet. The ducts are represente: as cut by sedian 
vertical lencwitudinal section through their entire length, but 
in oases *shere the lucenm eas less in diameter than the thickness 
of a linc st the cculs of the crigins!l drawing the duct apogars 
solid. So the druvings cuct not be taken as an stsclute guide as to 
preeernce of absence o* lumen. 

In the cace of esbryes less than 6.1 oo. foreheadeanal length 
the notochord was use! os reforecte line, -« the anterior part of 
each drawin;, because the rectus sakes a ventral leop near the 
posterior end of the cevenephros. Come slight uistort:..na -ay be 
‘dus to twleting of sections a little in eounting and sust bo taken 


inte consid -ratice in « critics: examination of tha figures. 
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DBYELOPUSET OF OnGASS AD SYSTEWS. 


The (Gonad. 


Zince the gonad of the Pree-martin has been studied by Chapin ('27) 
and “illier (*?1), and is not the sain toric ef this stedy, it is 
introduced here mainly acs 4a check on the other work. I4 is partly 
confirmatory of previous recults amt in addition introduces seme new 
naterial. , 

In the indifferent staj,es;- at 56.9 cn. there is no sign of the 
genital ridge, at 12 Ons the genital ridges just start to thicken 
on the medial agpect «f the meacnephres. They are quite marked at 
1.4 Gt. uc well defined ridges on the ventroenedial aspect of the 
mesonephros connected toe it by sesenteriscs. jo sexual differences 
are visible. 

In fezmwles;- At 2.5 om. the male ant ferale conads can be 
disting»iched. The ovary hae s narrow tunica albogines separating 
the primary sox-cords from tre germinal epithelion which io several 
layore thick at this stajs. From this stace uprard the ver can be 
distinguished by the conad sections =ier a 5* am. of jective. 

At 2.8 om, the germinal epitheliu: ie four to six or even more 
oeli-layers thick. the primary tunica albucines as devoribed by 
vhapin ("17) ani Sillier (°1}, is sore evident. 

6.1 ome fecalos have the germinal epitheliu=: proliferating ine 
wards and producing the region of secondary cex-cords or cords of 

Pfifiger, which are cut off fron the sedulla of the ovary by the 

| less intensely etained primary tunica .lbuginea. ‘The eedulla con- 
teins in ite sorgin next the mesentery 4 definite rete. 
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The ovarios of 7.5 om. exbryos sre decidedly female in type with 
@ cortical layer consisting of several layeret gorcinal epithelium 
and secondary sex-cords, cutside end «separated by the primary tunica 
albuginea from a sedulle of primary sex-corde and rete. Tis tunic 
is becoming vascular. ‘The gonad is of the type described by Chapin 
{°2?) for the normal ovary cf this eized embryo. 

At 9.0 om. (Big. 1), the go-rinal epitheliu> is still connected 


‘to the tricker layer «* secondary sex-cords, the priwary tunica al- 


tegines .s more vascular, the “edulla loosely packed, ani the rete 
rerains near the sesertery. 

At 16.0 on, the ovary is larger, tut shows the same ceceral 
tepocraphy fin aectios a: the ?2.7 =. normal female in Chapin's (*17) 
paper, exceert that the dsfiritivs ovuariar tunica albucinea ie not 
yet forming. 

At 20.0 om. the germinal opithelius is still connected te the 
secondary sex-cords which sre thicker, wit tne primary tonica al- 
ba inea is thicker ant more vascular. The rete is near the 
mesentery in position. 

Particulars a te the later stages are given by Chapin (*17) and 
are beyond the scope of this paper. | 

Tr meles;- 

Testes are first distinguishable fren ovaries at ubout 2.5 om. 
by the fect that the germinal epithelius becomes but one layer 
thick and the cells joast below it, differentiate inte a lichter 
staini-g layer, the tunica albugines, enclosing a denser staining 
cedulla, of cslls which will later sive rise to the primary sex-cords 
ad Pinally te the seziciferous tubules. The rete is more centrally 
pinced than in the female, but iz hardly te bo dictinguished fron 
the surrounding celle at this stage. 
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At 2.8 om. the cutting off of the germical epithelium from the 
sexecords ic wove marked. The t:mica albuginea is widor ani «tains 
iess darkly thar in the fessle. The rete is nearer the conter of 
the gonad and ia more clearly diviingssanahie from the sex-cord 
regice of the sedulla than in the female. 

At 3.8 om. the serous spithelius of ‘he gonud is one cell thick 
ard its cells are fiattened. The tunica albuginea is crowded ont 
to a thin layer near the periphery of the gonad by the larger sex- 
cord region. The rete is contrai and darker stained than in the . 
fezsie, where also the tumic is not so welledsf ned. 

at Sel G@e the eexecoris are growing outward anéd form a 
definite layer surrounded by tunica albuginea. The sex-cords are 
organising inte tubules next the tunica. Fo such definite arrango= 
ment is evident in the fenale. 

&t 7.5 co. the tunics -ibuginea of the testis haa tecone more 
vascular in ite inner part next the sexecords and begins to fors 
the ¢onica vasculosa, making the whole tunic appear thicker. ‘The 
rete is oe tral. 

At 10.2 oc. increase? cize is the only apparent change. 

At 17.0 ot. there are definite tubuies extending from tne 
tunica vesculosa tv the rete. These have primordial ger cells, 
each with a large sucieus surrounded by a clear sone. This gonad 
resembles Chapis's figure of the teatis of a 24.0 es. normal, and 


Willier's for a 20.0 c-. one, as. doen the one here studied. 


She Pree-sartin Sonad. 

Lillie (*23) decoribes the conad of a Be7S em. ?ree-martin and 
Ghapin (°17) on: of 7.5 ct. ami the reader is referred to their 
figures for these stapes. 

Tr $.0 one freeecartin tio. 1 (Pige 2), the gonad is but 
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slightly svaller than that of the normal female, which it resenbles 
im many respects as to cross-section. However the secondary sex- 
cords, or ecrds cf Pfliger, are siready out of from the gerzinal 
epitzelius by a setenddry tunica albuginea of sale type, snd the 
gereinal e:itheliur hes beeome flatteced. This tunica is approxi- 
e@tely like that of a sale of 3.8 om. ani no tunica vusculoss is 
evident. The secondary eex-cord sone is almost as thick ac in the 
norual female, but is not ax much invaded by blo.d-veaseis from the 
vascular primary tenica albu isea anzi sedolla. The cells on its 
outer warein are heavily pigzented, and appear to be uncer,cing 
degeneration in a ce-tripetal direction. ‘Tnoide this sone is the 
wascular primary turica elbugines like hat of *he norcal female, 
but sot searly sc bread nor as lovssly co. structed. Inside this 
tunic is tne primary sexr-cord region, sore dense tha: in the fecale, 
but without orgunization into tubules, and resecbiing that of & 
younger male. The rete is located mear the csentery a» in the 
faralee 

Such an extensive development of scoondary s2 -cords ac not 
been described hitherto for foetal free-cartina, ax Chabia (*27) 
says ¢ finitely that secondary sex-cords sever oecur in free- 
rartins. Thie cace,present« a great contract to ths norms] female 
in which the secondary t:siea albuginea is lacking up to 25,0 ome 
That this fenule is undergoing sodification in the maic direction 
is also substantiated by the corditios of the ducts, fo tis 
Millerian duct in t ¢ section adjacent to tie gonad is reduced te 
& more vestige while the Wolffian duct appears to bo larger an 
is o-rteinly »ore highly organized than in tee female (Figures I 
acd 2). , 

®illior ('21), in nis discussion of the possible origins of — 
gore of the follicles in the sex-oord regicn o* his adult free-martén 
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i 42, mentions the possibility that they muy be derived from cords 


of Prifiger that invaginated before the aex-hormene began te take ) 


effect or else from the sedullary follicles of the ovary. the , 
present case siows that the forcer supposition say be relle 
foundei, and presents on interesting exception to cases hitherto 
aescribes. The sffect of the modifying agent dates from a tine 
after the ceccriary sex-cords wert forsed in the ferale. “hen the 
teins, to which thin free-mertin belonged, ware ecllected, it sas 
recermied that the fusion of the chorions was very narrow, and the 
vascular connection between them rus slicht. the bull tein eas 
8.7 om in length. The gonad cecdition taken with the s-all 
conmection between the etoriess wo 14 sugeyest Late chortonia fusion. 
To 9.9 om. frecemaertin Ho. 2, the gonad is essentially lixe 
those fis rod by Chapin {*1?) for her 2605 ov. free-nartin. There 
is @ single layer of epittelial cells covering the geneac under #nich 
is a thin tunica albuginea. This seoerdary tunities is separated from 


the priaeary one in two regio s, by groups of cells the exact natura 


of which the thicknsss of the sections nude it icpeasible te doter- 
mine, The rete is lecated in the centre of the sedulla. ‘The 
#illerian duct is vextigiel, im the ridge on the mesonephros ad- 
jacent te thegzonad, thiis the wolffian duct ie better developed 
than in t-@ normal female of the same size. | 

Tn an 11.765 om. froe-martin, twin to a 14.0 om. wale, and | 
having its head end shoulders as large es those of ite twin brother, 
tut hind quarters such s aller and comparable te those of a 7 or & ex. 


embryo, the gonad is much reduced in sise, and hes atiackmentes and 


ducts like these of a sale. Seotions show two distinet regions, 
one next the mecentery Like the rete recicn described by Chapin for 
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_ her 26.5 om. free-martin, ani another sinilar to the oex-sord region, 


tut Little differentiated inte sexecords. It is not clear whether 
this is a secondary sex-cord region or a part of the sedulla of the 
Original ovary: but, in any case it is definitely separated from 

the rete region by what resembles a.dofinite tunics albuginea. It is 
not so de*initely separated fren the germinal ovitheliue as is the 
rest of the gonad, but it is nevertheless separated fro= it by a 

tonic eimilar te that of a very young sale about 3.4 om. The epithe. 
iius covering the gonad iv flattened and appears to be only one layer 
thick. The rete has 4 more definitely orgenizei regien near ite centre 
with leas dense tutules arcund it. 

The £0 ad has a primitive epididysis-like comoctia at its front 
end, like that in the male, and an appendix teatis or cessile hydatid 
of Yorgagoi as a remnant cf the ostiun tubae abdoninale and ficbrias 
of the ostiuz, wiich hac some connection forward tc tho rete of the 
gonad in th: resertery anterior to the zonad iteelf. 

the gonad of the 17. ox. Pree-martin studied, aporoximates thet 


of the 3.8 om, cale in sise and general appesranos, but with: less well- 


' defined tunica albuginea. There are no gcecondary sex-cerde. The | 


primary tunics albuginea is thinner than in the 3.8 om. sale. ‘ths 
primary sex-cords are not es well orgenized ag in the 4.4 cm. male. 
There is a paler-stained sone between the sex-cordsa and the rete, and 
it is near this sone that denser growth appears to be, and in it that 
the vascular supply is found, not in the tunica vasoulosa. The rete 
is larger than in the sale and is located near the sssenterial region 
or hilus, a3 in the female. The sessile hydatid of uergagni is 
present in addition to a coiled Selffian duct forming an epididymis 
round the dorso-lateral cide of the gonad. 

In the 20.0 on. freo-martin studied, the gonad has developed 
like that of a younger sale. It is smaller than that of the 17.0 o=. 
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free-nartin, but the differentiation of the tunica albuginca, sex- 
cords, and rete, ic more definite. The tunics albuginea and sex- 


_ cord region are gore decidedly male in type and resemble those of 


& Sel om. sale. tho rete reaches a sore central position than in 
the female, and connects with the Tolffian dict through the cranial 
group of aesonephric tubules, ‘Yhe hydatid is not noticeable ae in 
the preceding cease and has lost ita oclummar spithelial coat. the 
blood vessels are still in the recion between the rete and the sex- 
cords, as in the ferale, not outside the sex-cords az in the male 
fro: 7.5 om. upwards. A. coiled ppididygeis is present as in smaller 
males but out of relation to gonad age. It therefore aypoars that 


in some cases the cortex of the ovary, as represented by the secondary 


sex-coris, develops in free-nartins before the male hormone begins 
to be effective, but that, in euch cases, the hormone cayses degens- 


ration of the cords from their periphery inward, go that they are 


net found in the later stages ac a rule. But secondary sex-coris 
do not appear at ali in other cases as shown by Lillie ('25) for 
a 3.75 om free-tartin. In all cases ac far recorded the germinal 
epitheliun is cut off from the sexecords by a sscoondary tunica 
albuginea like that cf a sale of a younger stace, if not by the 
primary one &s in the male. This indicates a considerable aszcount 
ef variation in secondary sex-coris in the freeemartib. In four 
out of the five studied there is no definite evidence that these 
have ever formed. Sut in the fifth case (9.0 om. Preeemartin ¢ 1, 
fig. £0) the cerds were highly ieveleped and undergoing secéndary 
degeneration. This is correlated with reduced size of free-nartin 
aie 2g compared with normal males or ferales in early stages, 
later sometimes followed by increase in size far beyond that of 
the normal ovary, and acsurption of testis characters with smaller 
size than thé normal testis. i 
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The Seifficn Onucte and their Derivatives 


the origin of the ducts in both mole and females ean be taken 
for granted =o gar as the scope of thi. paper in concerned. They 
have alresdy reached the sims urogenitalis in the 6.7 cv. exbryo 
studied, at wiich stage the ureters are ensiiy seen as dorsal di- 
verticula from the #olf ian ducts, near the sinus, as deseribed in 
the test books for the Pig an: other sermale. The rectum also enters 
the sinus a little posterior to the p int of entry of the Tolffian 
ducts, but at 2.4 cv. a ceort serineus is present, having besun to 
for= at aporeximately 1.¢ cz. 

fie sexval differences ‘~ the Bolffian ducts proper are evident 
upito 6.1] co. At 166 ome the urcters ar: still joined to the 
Belffien <uets, end at 2.5 cx. they come off tnese ducts just shere 
they ooen inte the sinus, at which time the ureters pase laterally, 
then forward from their point of entry, and dersally, and Pinally 
join the central duct in the kidney: at 205 «ms, in the fenelse 
they have scparated from the Toiffian ducts, ani enter the sims 
farther forward, on a -idge in the dorsal sinus wall. ‘Their 
pn tc the kidney will ct be trace! “artoer tut their point 
of entry inte the sinus «ill be noted as a sexual difference. In 
the 2.6 on. wile (Pize 12) they come off the sinus laterally where 
the ducts open to it. In th “euale the part of the sinus teteeen 
the openings of ‘ie Wciffin. ducts ami toone of the ureters | 
lengthens rupidly, ecparsting the txe sets Of openings farther 
end farther, fis tates place mech mere slowly in the sales so 
that in the femie et 9.0 om. (Fig. 8). the dista-ce in -early 
double grat it is in the 10.9 om sale (Pig. 17), @ difference 
@uich persists to the 25.0 ex. sta @, which is as “cr as this ine 
vestication is curried (ficu es 1) ans 12). 
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In $.0 om. freo-martin Ne. 1 (Fig. 80), thie disterse is as 
long ea, or longer than in the female.. In lic. 2 of the same size 
(fig. 21), it is sor or than in the fesale, ani in that care the 
W@llerian ducts ere carried farther back than in He. 1 or in the 
female before uniting with the ainuwe. at 17.0 om. (Fig. 22), the 
relative disteces are ;- fevale, 3.4; freeenartin, 401: ale. 12%; 
and of 20.9 om. (Fig. 4) they are;~ female, 6.3; froe--artin,y 6.43 
male, 205. “Dhe strip along which this variation cecurs is nesoderral 


in origin, while the rest of the sinus is entudermal. 


folffien ducts proper in the female. 
At bel on (Fig. 6), the Yolffiar ducts enow evidence of 


retrogressicn by a olight narrowing at the level of the posterior — 
end of the uterus where the WSllerian guote are seperate. 6 
secinal vesicle primordia are to be seen, 
| At 7.6 om. (Pin. *)s the ¥ol*fian ducts ef the ferale have 
diminished in crossesvetion torongheut, but « single oli bt lateral 
outpouching om each side is sem in the region beside the vagina, 
about 66-76 cicra leng, the hosologue of the seminal vecicle, The 
felffian a are oo tincvous throuchout, froe the anterior end of 
the ~esonephros, xhere they receive the collecting tabuler of that 
organ end are indistinguichable from toes, to the simus. Tubules 
of the mesonsparcs enter the cucts tireughout the whole length of 
yO thet organ. 
At 9.0 om. (Pig. 3), the fomale shows further reduction of the 
Welffian ducts, but they are still continuous, though exeller then 
. the Mflierian ducts throvyhout. Sesinal vesicles are present es 
two ouall separate Isteral diverticula fron each Folffier duct 
| about 100 siora avart. The left duct is the larger in sy spetimen. 
Fros this sise upsar: toe ducts ami veciclos of the left side seen 
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49 be in advances of there of the ri ht side in development. the 
folffian ducts are relatively so mich redueod, that they are in- 
corporated intc the accessory laters of the walls of the t@llerian 
ducts, isterai «mi scmewhat vertrel te them. | 

In the 18.0 om. (Fig. 9) female, the Yolffian duct is present 
anterior te the gone@i in the region of the cranial serous of tubules, 
but hus lost all connection to the gonad. It 4s ifdistinguishable 
from the tubules in appearance. It has complstely disappeared in 
the regien of toe gonad and as far pocterior es the ventral loop of 
the uterus, where it is presect es a solid cord and then intere 
m. tent and very Saint in cection fer a short distance. It ia ene 
tizsly absent in the region of the body of the uterus, iri the 
cervix uteri raégion, it is represented by three s-nll vesicles, 
eeparate: froe each other anc doratelatera!l te the cervix. Thece 
ere the homologucs of ths s-cinsl vesicles. Posterior to these the 
duct is absent for a consiccrable distacec. Fros about the act-rior 
quarter of the vagina, ‘he duct is continvom to ite opening into tho 
einucs. In seoce places 14 has a lumen, bot it ie eclid fer the gercater 
part to the place where the vagina begins to narrow. From there on 
it bes a lucen increasing in size. 

&t 16.5 os. (Fic. 15) also, th: sclffien ducts ar» internittent. 
They are entirely absent in the region of the cervix and body of 
the uterus, in some blace, wiile in that regio. toe sectional vesicle 

homoleguss appear as cutpouchings fro» the ducts, where they are : 
present. The ducts are eontinuoue from the anterior end o? the 
mesoneshros back te the body of the uterus. the right duet is sore 
desenerate than the left. 4 lumes is present enly in scattered places 
in front of the break ic the ducts, and opposite tne so terior hel” 

| of the vagina. | 

3 A 20,9 om. (Five 11) in the ferele, tne #olffian ducts are 

gone entirely in the gonad rogicon and parts anterior to it, and even 


+ the eracial grcuy of © acneshric tubules 1. alnest cone and nearly 
meen! | 
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indistingvishabl: ae such. The duct first appeare ia the ventral 
wali of the uterine horns at ‘he p uce where *hey bend ventrally 
and back towars the body of *he uterw:, ac a solid cord which 
reaches back to the level of the union of the horns. A smell piece 
of it revains open on the side of the cervix utcri and han an ovt- 
povuching off it, ac & sesine! veotcle howclormme, Sone distarce 
farther back, on the voctroeinctersi wall of the vagina, ancther 
pisos sf the duct anc ancther seminal vesicls homologue appear, and 
about the middie ofthe vagina, a third occurs, These three are rot 
connected at this sta.e nor are they connested te the other duct 
remnants. Posterior to a short space bebind the lant mentioned 
pennant, the dust tbeco-es continueuc, tut -ives off «+ leat tee 
more little -ide pevchec. The duct is solid back te the nocterior 
fifth of the vagina, bet has on enlarging lomen behind that, and 
epens ints the ventral side of the wagina near the vestibole. 
fhere are present in the feerale four or five vesti,ial hom. 
loguec of seminal vesicles, nons of which eo Id be suen in gross 
dissection. The ducts, where oresert, sre found ir the ventral and 
lateral walie of the vacina and uterus in the older stares. 7 


Wolffian ducts in the wale. 

The ¥elffian ducte arc the sate in maies ari Pezales ur to 4.2 
G@., but at 6.1 om. they ars larser in luren in males. Prisordia of 
seminal vwexicles, ce 6: each side, appearat this Brace, as lateral 
diverticula from the duct. (Fic. 15) In thi» region the duets are 
larger thas in the female. (Fiz. 6). 

&t 7.5 om. (Pig. 16), the auete are still develosing, while in 
fezales they ors mot (fice 7). In the asgle the seminal vesicles are 
progressing and grow out laterally, ‘hen dersaily anc anteriorly, but 
unbranched as yet, acd ome on euch side. The *olffian ducts oper 
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scparstely ts the sirma, ac in the fecale. 

&% 10.0 om. (Page 17), the male hav Wolffian ducts with con- 
t nucus lucen of se ewhat variable ciometer at diff rent levels. 
The sexinal vesicles de ot branch, but their lucen gets such _ 
larger than tit of the ductea adjacent to thex, acd they develop a 
thick eal] lateral ani eiightly dors<1 to that of the decta. ‘the 
ducts open to the sicms slisttiy cra-iael to the vaciral orenming. 
The connection of the rete of the t-stia te the *elffics duct of 
gach side through the cranial group ef ~<«senerhric tubulcs is coon 
in the erididy-ic, « ich is recercnisable ac euches 

A& 17.0 om. (Fig. 18) the Solffian ducts in the wale heve lusina 
threughout; the rete of the testis connects the tubules o° that organ 
witr tas cranial croup of mesonerbric tubules, and thas t2 the “oiffian 
duct; and the ¢° ital cord, conteining the duct, has <«veloped « backe 
card loop in the region where the gubernaculer attaches to it. tn 
the male the Yolffias. duetr take moot «rt in the lees, whil- in the 
Penale the whllerian ducts tek: mont part. Is the wale at this stace 
the *ciffiar ducte secupy “est of? the cord since the Hillorian duct 
gerivatives are aleost cone. In sales the seminal vesicles are larze 
ara branched, bot heave a sincie duct leading to the Folffien duet on 
gach side, into which each ove: *. actually, as well as relatively, 
nearer the evenings of there deets into the sinus tha: in carlier 
staces. ‘the feraie at tia etage has at least t<e or three erall pei- 
mordis of such vesicles om each side and euch farther forward, in the 
region where the ducts are interrupted. | 

At 20.5 om. (#1.. 19}, ths chances in the %0iffian ducts re- 
corded above for the 17.0 oc. wale are “ore accentuated. The back- 
ard loop ¢f the <ecital cord is wore sarked ani the duct participates 
in 4t. ‘Scminel vesicles are larger evi core branched, and their single 
duete extend hack farther avd open into the Yelffian ducts as in the 
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17.0 om. sobryo. Prostatic vesicles surrouxi the vosterior emie of 
the Solffian dusts and sevinal vesiole ducts, | 

In Only one case in all th =saios studied, in covtrast to the 
Fomulee, was there any sicn of more than cne prisordium of seminal 
vericles on each cide, and thes only . very cimute side pocket off 
the Yelffian duct jvat behin. the eain c-e. It did es show any 


sign ef developin, into a duct or vesicle. 


®olffian ducts in the ?ree-martin. 

In the 9.0 ex. freeemartin Ho. 1 (Fig. 20), the least : nodd fied 
one, the #olffian ducta are continuous: throughovt, as in ‘hs male. 
In the enitai cord they bear the save reiation to the Wlierian 
ducts as in the =ale, beine larger than the “Bllerian ducts in the 
acterior pert, but sxaller in the po-terior part, acd in the uterus 
acd vacina regions. The serinal vesicles are stneic and unbranched 
63 in the eale, out of only abst one-third the length, anit smaller 
im diameter than in the male. ‘they barely reach the sese size of 
juzen as the amall part of t-<« felffian ducts adjacent to then. This 
free-rartin is mich neagor te the female type in size relations of 
‘the *elffien ducts than tothe onle, an focnd in the 16.0 come one 
studied, or even in the 7.5 om. one. The aeminal vesioles aro small, 
but in place of two minute diverticula on caer Wolffian duct, as in 
the female, it na: only one as in the male. The sonnestion of the 
4ucts with the tebcies of the gonad through the rete and svental 
groun of tesonephric tuivios is retained ac ir males. the ducts are 
modified female ducts, ant the o sditien seen here car be easily ac- 
counted for in conformity with the interpretation of the goced in 
this case { p./b ). by supposing that this female came late under 
the influence of the wale hermene, emi bad alreacy reached a fairly 
definite fenaic differentietion befors tha hor-one ¢o id cate Tee 
action in the mle directicn. fie ~ale reeot om is more evident in 
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the anterior parts of the ducts, than in the posterior. 

9.0 cx. freo-martin Mo. 2 (Fig. 21), which has a sore sale types 
of gonad, hus ite Wolffian duets ales sleser te the male typos. They 
are as large as the Mllerian ducts, beside which they lic in the 
region of the uterus and vagina, excepting the posterior quarter of 
the vagina which is larger than they. The coming] vesicles are 
larger and longer than in Me. 1, and even show sicns of a branching 
in their anterior ends. They are larger in luzen than the Yolffian 
Gusts in thet vicinity, but beve only one dest each. ‘ie Yolffien 
ducts are complete and lined with well-defined epitheliuz throughout 
even though the lumen is very minute i» their anterior ends. Ino thét 
part of the genital cord anterior to the attachment of the guber~ 
naculum ligament the Willerian ducts are absent, except for a small 
piece nearly opposite the centre of the gonad, an! a piece near the 
ostius tubse abdominale, which has not completely degenerated. The 
' Wolffian duets oaxtend te the forward end of the gonad, shere they 
ere oconmmected to the rete of the sonad through the remaante of the 
cranial group of Yolffian tubules. | 

‘Im the 11.75 cm. free-martin (Fig. 22), the Wolffian duct on 
each ide extends forward only to the point *hers the gubernacular 
ligament joins the genital cord. From this point forward, the cord 
is present but has no lumen, nor sign of a duct in it. Posterior to 
this point, there is no lumen in the sense of a definite epithelial 
lining for a considerable distance, but it is marked in section by 
an area ef decenerating tissue. ‘There are five separate little 
evaginations of the folffien duct in the seufnal vesicle region on 
each side, a female conditicn, and of these the most antericr ons 
alone attains any considerable longth. Of the te ducts, the lett 
4s the scaller for some distance anteriorly from their opening to the 
gimus, and each hes a luvon as fer forwerd as the sexinal vesicles 
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extend. ‘he antericr seminal vesicle hee a larger lueen than the ducts 
themselves, and shows seme signs of- preparing to branch at ite anterior 
end. In this case the Wolffian ducts show little effect of the male 
horsone, and were presumably so far advanced in female differentiation 
that they were already dogeneratéd in some regions, before the sale 
horsene started to act. Sut the development of the anterior seminal 
vesicle is a mule characteristic. 

In the 17.0 ox. free-nartin (Fig. 25), tho Folffien duct: 15, 
continuous from the front of the sesonephros to the region of the 
uterus where it ia intorrupted in four places. The left is better 
developed than the right, bot beth have the interruptions. They are 
-again interrupted in the region of the anterior sexinal vesicle, which, 
though one of four on each side, develops in the true male fashion, 
and even branches at its anterior end into tubules with ea coat dictinet 
from that of the genital cord, but like it. ‘The three posterior di- 
wertioula on each side, primordia of secossery seminal vesicles as 
in fomalon, are more marked than in the 14.5 os. female (Pig. 20). 
Of all these seminal vesicles, the anterior one on each side is 
similar to those of a younger male, and the last three are serely 
imperfectly stimulate: growth centres held over from the ferale 
period and not inhibited completely as in the male. The lucen of 
the pesterior part of the Wolffian duct extends forward to where the 
anterior eeninal vesicle comes off on oaoh cidco. In this free-vertis 
we have agein a eondition intermsdiate between thet of a female and 
that of a younger male. ‘The supernumerary sezinal vesicles are 
cheractsristic of females, whereas the anterior seminal vesicle 
condition and the continuous anterior end of the duct are distinctly 
pale. exe 

The 20.0 em. free-martin has the most extreme modification in 
the male direction of the five studied (Fig. 24). The tolffien ducts 
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are continuous throughout their entire length as in a male, though 
the luzen is not sc large nor se well carried forward. The 
illerian ducts are represented only by a short, but patent uterus 
masculinus in the region where the cocital cords separate, but 
attached sore to the right cord than te the left. Lillie figures 
4% on both sides {in some of his specimens. 

A& the front end the ducts extend forward pact the place where 
their iast connection to the Bolffian body is complete and branch 
into cinute ducts, that load te resorbed parts of the “olffian body. 
The seminal vesicles are such nore highly developed than in the 17.6 
om. free-martin. There are no less than eleven of those on the left 
side and about as many on the right. Of theese the anterior is the 
longest and thickest, and branches only sear its tip. ‘The second 
is next in length and a littic more branched. The third is a ligtle 
shorter but more branched. Thoy cet progressively shorter posteriorly 
end less branohed again till the last two or three ars merely short 
diverticula projecting ventro-laterally and then extending forward 
along ‘he Yolffian duct. ‘The lumen of the duct narrows just 
anterior to the opening of the anterior geminal vesicle. the female 
of this sise hai only five exall outpoughings and they occurred on 
an interrupted Yolffia-: duct. 

Here again is a: evidence of a fecale condition later modified 
in the sale direction by the -ale horsone which stimulated the 
Wolffian duct. ‘The male at this size hes but a single seminal 
vesicle on each side with many branches, cll opening inte « common 
duct, that passes back and opens into the Folffian duct near the sinus. 
Tn the fezale the seminal vesicle homelogucs are farther from the 
sinus. In @he free-uertin this dintance is intermediate. In the 
female and free-martin the Yolffian duct o> each cide appears to 
open inte the floor of the vagina juct before it opens into the sinus, 
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@hile in the male it oppears to epon directly into the sinus from 
the sedial sides of two grooves lateral te a sedian ridge en the 
dergal sinus wall. the froe-nartin rosexbles the female more than 
the sale in thic respect. 

fe eum up the folffian duct situation it say bo scid that;:- the 
Piret sexual difference to appear is in the relation o° ureters to bie 
ducts. Wp to 2.5 om. the ureters come off the Yelffian duct« in both 
sexes. At 2.6 cu. the ureters in the ferale cone off the sings an- 
tericr te the ducts, while in the sele they cone off with the ducts. 
The distarce boteeen the openings ef the ureters and ducts on the sinus 
wall gets longer in the female than in the mele and is twice ac long 
as in the scale at about 10.0 cn. ‘This semual di‘ference in esinteined 
through the 20.0 es. stage. The froe-martin in generally intermediate 
in condition, bat sore nearly approximated: the fonale. 

The feemle har e nerrowing of the ducts throughoct, apvearing 
at about 5.2 c=. ami progressing, tili, at 15.5 cx. the ducts are 
interrupted? anterior to the vagina region, and entirely abeent in tae 
goned region in sews cases, but present ami eontinuous in that region 
in others. This degencration proceeds till the ducts are present only 
in the uterus well, os soléd strips, and in the walla of the vagina, 
as isolated cin-te secuonts in the anterior half ani ecntinuour in the 
other hal?, with lumen only in the posterior one-third. 

In the sale, these ducts reteai> a connection with the tubules of 
the gonad through the cranial group of ~esonephrie tubules and rete 
ef the gonad, which is early lost in the female. The ducts continus 
to develop and to have a lusen te their anterior onda, ani cecupy 
the whole cexitel cord iv parts where the willerian duct is .egenerated. 

In the female the wannor of opening into the sinus differs fron — 
that in the wale, in thet the ducts join the vagina before opening inte 
tae sinue in the later stages, while in the sale they open separately 
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te the sinus. 

In frecesartins the condition of tae dusts is variable. ‘The 
connecticn of the gonad tubules te the Folffian duct is retained is 
four of the Pive cases etudicd, and, in the exception, the whole 
of the anterior part cf the duct was degenerated a» in the fevale, 
The ducte themselves vary in condition, bet, with the exception of 
the 11.75 om. free-sartin, whore they appear to have bchaved an « 
Pexale set for some considsrable time and degenerated, then te have 
been stimulated; they are male in type, «04 represent those of «a mile 
of an earlicor stage. 

&z to the cominal vesioles;- they develon somewhat later in the 
female, 7.5 oa., hile in the male they appear first et 6.1 o=. 

Tn the female there are five or perhaps sore primordia that begin 

te develop at various atages, but mone reach any site aporeciable 

in gross dissection, and in later stages they appear on an inter~ 

rupted duct, and sometimes on isolated parte of it, always farther 
forward than in sales in later stages. 

In sales one vesicle deweleps and grows strongly te a consider~ 
able lengt: before branehing, and ite single duet. cpens inte the 
Polffien duct progressively necror the posterior end of that duct, 
es the onbryo increaces in cise. In ome cave there wae @ sinute 
second outpouching of the ®olffian dest im the region where a second | 
vesicle would coms in a female, but it dic not dewelep. 

In free-cartins there ere ao wenmy ao cleven ouch primordia . 
thet get a start. ‘they are not co long a» in sales of corresponding 
gice, bat are developed after tor male pattern. In this also there 
ie variation in free-nartine of the same size. Here also the 11.75 
em. frocemartin (Fig. Ef), is wore Like a forsale tran the others and 
appears to a developed lenger as a female. Ia the larger stages, 
though sore numerovs than in the male, they dewelop like then. ‘The 
eldest one with ite cleven separate veeiocles on cach side gives a 
 pioe picture of « cradient of differential growth and inhibition 
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along tne axis of the olffian juct in the emminal vesicle region. 

In the freeemertin the openi g «f the ducts inte tne sims is 
scomsti <s direct, se in tre sale, and sometiacn iate tre vagina first, 
45 in the ferale. this bears « relation to the etate of other organs 
in refererce to tne degree of influerce of the male hormone. It is 
more lik: the male where tre other parts are sore «*fected. 

in® Pree-cartin «olffian cuct derivatives show progrensive nodie 
fication of a fenais arly citferentiatio toward a suie later dif- 
ferentiation, under tre influence of a mule hormone. The degree of 

is Odivicaticn apoears te depend on the time of inception of the 


hormones and the tine elapoed fror that inception to the stare studied. 


The Yllerias -ucts and Their Derivatives. 

In the indifferent staycs;- the Whllerian ducts bein to develop 
at ebout (..?7 cue ac a slight thickening of tre coslom erithelius on 
the wentro-sedial surface of the Bolffian duct ridge, shout one 
quarter of the cgistanoc teck from the anterior en} of the scsonerphros, 
but ne inwasinaticr: is to be .scon. At 1e4 cm. the ontium tubee ab 
@orinals and anterior end of he tube have begua to forme The tube 
develops by an infoldinsg ef the cceiesn well og the veutro-lat>:rei 
surface of th¢ seso-ephros just ventral to the Yolffian duct. Fror 
the first its linin, differs froc the coelos epithelium and from that 
of the ostium. The esithelius is colucmar, but sot a0 thick a» that 
of the cetiur. The ostiue lies «bout one+ juarter o? the mesonephros 
length back from its anterior end as Beryschicker (°22) finds in his 
2e5 ot. esbryo. At lec ome the duct apoears at itz pecterior om as 
an infolijin, or thickening of th ef toelial wail of the ‘olffian 
duct, and ¢xztends forsard between thi- wall and the coslom evitheliu= 
as a distinet cord of a diffe ont @ ithesliu ,. sere coluenar than eibhor 


of the others. It has no organized lum: in its posterior end on the 
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left side, which is in advance of the right in development. the 
cavity of the ostiuz extends forward past its opening into the 
covlomic cavity as a pocket with wrinkled walls and the coolom 
lining is also thickened for a short dictanee in that dirsetion. 
The tobal length of the duct on the left side ic 654 micra. on 
the right ,. 374 micra. 

At 1.7 om. the coclom evitheliuz anterior to the ostium 
thickens markedly on both sides. Then on tracing the sections 
caudally, a fizbriated slit from the coelomic epitheliue leads 
into the interior of the flat duct, at about the same level on 
both sides, lined with taller columnar cells and lying voentro- 
m@dial to the Wolffian duct. This enis posteriorly as before in 
@ cord on the ventral wall of the Yolffian duct. Left vide is 
865 sicra and the right is 705 cicra long. . 

At 2.0 om. the ostia are attached to the diaphragm and the 
ducts have luxina for some distanes, the left being greater as 
before. 

At 2.4, 2.5, and 2.7 om. the ducts show increase in length 
in which the left is im adwanee of the right. Ho such difference 
between the sexes in the zxatter of one or two ridges for the 
folffian and Whllerian ducts, as is desoribed by Felix ("12) for 
the buman exbryo, is found in this series for cattle. the cstiun 
is farther forward on the right side than on the left due to the 
backward migration of the mesonephros as desoribed by Sergschicker 
(12). ‘the ducts do not reach the sims in these stages. 

In ferales:~ At 2.8 oz. (Pig. 3) neither right nor left duct 
has reached the sinus though the left has got as far back as the 
opening of the Yolffian duct to it. iamina are present throughout 
their length. Yo separate Willerian duct ridge is preset in the 
female of this stage. 
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At 5.0 om. (Pig. 4)in ferales, the ducts reach the sinus posterior 
te the Wolffian ducts, but have not yet united te for= uterus or 
vagina. The epithelium round the ostiz= is mediu= columnar. 

At 3.8 om. (Pig. &), the ootium epithelium extends from the 
Whllerian duct ts the mte of the gonad, where it reaches the edelon 
surface, after joining a glomerulus of the Wolffian body. ‘the 
Whllorian ducts of the two sides come together in the sedian plane, 
but do not fuse to a single lumen, end separate posteriorly before 
they open to the sinus on the aedia! sides of the dorso-lateral 
grocves, along which they extend for a distanes before their lining 
disappears. | 

4t 5.2 om. (Pig. &) there is a slight epithelial, bet cot tubular, 
connection of the ostius, with its tall columnar epithelius, te the 
rete of the gonad and a glomerulus of the mesoneshros. ‘fhe Whllerinan 
ducts have luwina throughout but smaller than the Yolffians, except 
at the anterior ond. Posterior to the point of aettachzent of the 
round ligement the ducts enlarge greatiy te the horns of the uterus, 
and are four to six tines as -arge ac in the malcof the sace size. 

They are beginning to have tho transverse portion more marked and the 
left has sore backward wigration than the right. They unite to a 
single lumen in the uterus region, then are double again, ami again 
single in the vagina region. The Yolffian ducts join both the vagina 
and the sinus at about the sase level, but the vagina proiects back- 
ward from this point of junction as two bays with ea tongue of tissue — 
between them and join the sinus separately from each other but not 
separate from the Yolffian ducts. 

At 7.5 om. (Pig. 7) the ostia arg joined ae above to the rete of 
the gonads ac well as to the Willerian ducts. ‘he left ostium is farther 
posterior to the right than before. ‘the rete connection is much smaller 
than before, and the ostium lining is much talier than in preceding 
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femaies. The oxtium is now av far forward as the tubules of the 
mesonerhros, and the ‘tlllerian duct extends farther foreard than 
the folffian ons, which ic represented by a tubule in the degene- 
rating mosonephros. In the gonad regien tne Millerian duct is 
three times the sise of the derernerating Wolffian duct. and is 
actively developing. The uterus horns ars relatively larger and the 
corpus uteri and vagina are foreed an single tubes with double 
regicna botween them. As judged by the epithelial lining the 
Millerian ducts join the sinus behind and separate from the folffian 
ones. 

At 9.0 om. (Fig. 8), the ostiu= has turned to face the gonad 
anterior end, ani has @ partition down its siddle. and a ciliated 
lining. The details are well described by Bergschicker ("12) snd 
will not be gone into here except ac the; relate to sex differences. 

At 15.0 om. (Pig. 9), the infundibulum is seen as a little side 
tube off the ostium, to the rete and thus te the ,onad, but it does 
not connect to the sex-cords of the gonad as in the wale. The 
wnele connecticn is the cpoophoron, parovarius or organ of boseneuller, 
as contracted with the ductul! ¢*ferentes of the rale. The coil of 
the uterine horns is bseeming more accentuated by reason of their 
own growth, not from a pull by the round ligament, which ic atteched 
half way down one side of the coil not at ite tip. ‘he annular folds 
at the cervix appear and the vagina, «ith ite ssooth lining in 
contrast te the wrinkled lining of the uterus, enlarges greatly. In 
4ts walle are found the remnants of the sesinal vesicle homologues 
or Gartner's ducts, together with the Wolffian ducts themeelves. ‘the 
posterior end of the vagina ic filled with epithelius, and the Nelffias 
ducts join it, and a groove from the vestibule meets thes medially, 
inctead of two grooves as in esrlier stages. The vagina extends 


posteriorly aa a dorsal corridor of the sinus. 
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The 16.5 om. (Pig. 16) stage shows ocly an enlarged wagina, 
and at 20.0 cm. (Pig. 11), the whole gonital cobd is filled by the 
Fallopian tubes and uterine horns and the eoil of the uterus is 
complete, apparently as in the ad:lt. The rete still joins the 
posterior end of the ostium. The vagina hav enlarged tremendously 
in lomen, but nct in wall thickness. ‘The vestiges of the seminal 
vesicle homologues are in the thick walls of the cervix vterd and 
anterior part of the vagine. he dual origin of the vagina is still 
evident at ite pooterior end where it ia still divided into two back- 
ward projecting bays in ites doreal part while the ventral part opens 
to the vestibule a» a single tube after receiving the Yolffian ducts 
as before described. | 

In males;- The wGllerian ducts are shorter in males, smaller 
then 2.8 em. (Pig. 12) then: in females of like size and do not yet 
reach the sinus. “here scens to bo a sexual di ‘ference in the rate 
of growth or foruation of these ducts eves in stages toat appear 
sexually indifferent externally and in which there are no inter- 
stitial colls in either scx. (Lillie, ‘17, "23; Bascom, *23) 

The ducts reach the simus by the 5.0 om. (Fig. 13) stage and 
are in all reupects like the female ones excerpt for want of lumen 
in the anterior and extrese posterior ends, ond the fact that they 
appear to open to the Wolffian duets shere they are open to the 
sinus. : 

The ducts are solid in many placen by the Sel on. (Wig. 15) 
stage and show signs of deyencration. The connestion of the rete 
testis to the ostius is larger than in the female. The romnant 
of the duct ia in a secondary ridge on the genital cord. The ducts 
fuse tc o single uterus casculinus but sualler than the female 
uterus. They ere double in the cervix region and single in the 
vagina region back nearly to the sinus, where they become double, 
and join the corresponding Yolffian ducts, then both join the sinus 
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round the tomgue of tissuc, as in the female, but the Mllerian ducts 
extend farther back than the Yolffians. 

By 7.5 om. (Fig. 16) the duets are discontinuous, and the ostiua 
has -lost ite thick lining of columnar epithelium, but the rete testis 
connects te it. The hydatid of Morgagni is present as a exall knob 
om the side of the ostium. The lips of the groove that fuse in the 
female to give the Wullerian duct, have not fused in this specimen 
and a slit takes the place of the duct without the characteristic 
lining. Srall recmants of the degenerated duct are scattered along 
the goned region in strong contrast to the female oonditicn where it 
is actively developing. Uterus maseulinus is still found. Cerviz 
da solid, but a lumen reapocars onee and is gons before the vagina 
proper opens cut with ite characteristic lining. This divides to 
two before cpening tc the simus as in earlier etages, but here pros-~ 
tates ere visible in section near it. 

By the 16.0 om. stage (Pig. 17)» the o:tiur is practically zone 
as such and the ducts are gone back to the gubernacuier «ettachment 
to the genital cords, where the right is found much better vreserved 
than the left, and has « lumen first vhere the corde unite. the 
Utercs masculinucs is about the sige of one of the Wolffian ducts. 

Yhe Millerian derivatives are abseot altogether from the uterus 
nasealinus to the place where the Yolffian ducts nearly reach the 
sinus, whore the Wagina wasculina appears, almost filled with epi- 
thelius, and dvides to two, and these open to the sinus, as in carlicr 
stags. 

At 17.0 oc. (fig. 18) the MBllerian duct corivatives occur cnly 
as the minute iydatid of Nergagni, Uterus mancylinus with short, but 
wide lumen, end apparently a derivative of the left duct, and Vagina 
: sasovlins, with large lusen near the sinuc, ani surrounded by pro- 
statice tubules. Its liniog is not that of the normal vagina nor 
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is there any opening or connection to either Bolffien ducts or sinus. 

At 20.0 em. (Fig. 12), no ventiges of the Uillerian ducts were 
found anterior to the regicn of onion of the genital cords where an 
unpaired eclid body extends bach to the seminal vesicle region, dorsal 
to the Wolffian ducts. In the region of the opening of tie Wolffian 
@ucta te the sinus the vagina ~ascoulins appears as the reununt of the 
right Whllerian duct, sorrounded by prostatic tubules, and connecting 
with the dorss] wall of the richt Yolf*ian duct, posterior te its 
. opening to the sims. It is solidly filled with svitheliun. 

In the free-martin:- 

Por brevity the following terms will be used for *he different 
parts of the wllerian duct derivatives; 
Ostiuz fizbrine, for the funnei-like anterior opening to the coelom 
when more like the feusle condition, and iiydatid of Morgagnd, when 
like ths molec. 
Tubal portion, for that part that corresponds to the Oviducts of 
Cornus utor} for the parts that correspond to She enlarged transveres 
cormua of the fenalc. 
Gorpus uteri, for the part corrcaponding to the body of the adult 
uterus. | 
Uterus masculimie, where a derivative is partly referable to both of 
the above, tut not definitely to either. 
Cervix uteri, for the raion of narrowing Just behind the corpus. 
Yegina, for the part corresponding to the adult vagina in the fesale. 
Vagina masoulina, for « condition that approaches thet in the male 
where only the pocterior onis of the tubes are present. 

In the 9.0 os, froo-martin fo. 1 (Fig. 20), the loast sodified 
of all those stulied, the duct io intermittent in the tubal portion, 
and continucus behind the cosonephres, and reuonbles a stage inter- 
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mediats between wales of 5.) and 7.5 os., being less continuous than 
the former and sore oo than the latter. The estius consists of a 
emall koot or ridge covered with columnar copithelium and @ slit into 
the meronephros anterior to the eonad. This retains sore of the 
eclusmar type of epithelius than the mle, but does not close in te 
form « Whlicrian duct mer turn to face the gonad ay in the fomale, 
However there ae signe farther posteriorly that it did slose in or 
grow backward, an¢ later degenerated, in the shape of « degernsration 
spot at the base of a very amall secondary ridge on the Wolffian duct 
ridge. the Billerian duct has no trace of an omterior opening te the 
coelom found in the fomale, but near the sosterior end of the gonad 
it hes « lumon quite as large an the Wolffian duct there. ‘The cornua 
uteri have enlarged ti:1 larger than the Yolffias duct there, but 
where the genital cords unite the Willerian: are much scaller than 
in the female, though forming a single corpus uteri, gore dorsal in 
position than in the femais. ‘The cervix isc single, whereas in the 
female it is double, and it is single throughout the vagina region. 
The vagina joins the oinus round the same tongue of tissue described 
for fenals apecinens, together with the Toiffian ducts, but the 
vagina lining docs not become inciuded in the sinus ti’ posterior 

to the Solffien ducts: this frve-martin would appear to have had ite 
Willerian duct derivatives developed to a fairly advanced stage before 
degensraticn was induced. 

Che 9.0 om. froe-martin HO, 2 (Mig. 121), with a such reduced 
gotad as compared to Se. 1. bas almost as littie oatius devs lopment 
as the 19.0 ox. male (Pig. 17). the MBlerien duct is absent in 
front of the middle ef the corad, at which point it appears, enlarces, 
gets 2 luwen for about $0 cicra, becomes eolid and disappears. not te 
reappear till reer the junction of the round ligasent or gubernaculu= 
to the genital cord. Is this it closely resembles the condition of 
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the Millerien duct in the male between 7.5 and 10.0 om. From its point 
of reappearance it is sere oontinuous than in the 7.5 ou. male, a 
contra .t to its condition anterior to that point. It ie present fare 
ther forward on the right aide than on the left, and has a luzen on 
that aide before the isft appearn. The cormia unite to for= a single 
corpus uteri, which constricte te « cervix, about one-third the size 

in lumen of the corpus, and then, as the bagina, dorsal to the tolffian 
ducts, it enlarges greQ@tly ani flattens out laterally. Posteriorly. 

4t fills with epithelius and joins the sinus, as in preseding cases, 
but becomes continuous with the sinus as two grooves in the doreal 
sinue wall. 

In the 11.75 om. free-nartin (Fige £2) both Wolffian and Vbllerian 
ducts are discontinuous. ‘the rete connects with the coelos as in the 
female, and « hydatid appears «at the ond of it as in the male. iio 
Willerian duct is found anterior *o the cornua cteri and then only 
in part of tne left cide, very fant and intersittent. the genital 
cords are auch reduced and the Hillerien ducts are beth absent, just 
in front of the union of thease Cords. Agphericel corpus uterd makes 
ite appearance for 200 ulora, with a side lumen, as 6 remnant of the 
left Méllerian duct. A vagina sasculina appears, both in the niddle 
vagina region, and in the posterior vagina region, whore it nas a 
wids luzen, but filis with epithelium juet anterior to #here it joins 


the sinus, after racsiving the eveni gs of the Wolffian ducts round 


tie customary tongue of tissue. In this region this embryo is de- 
cidedly female: in the anterior regions neither male norefewmale. It 
appeare that the differentiation in the male dirostion bed mot 
started till after the “clffion ducts had degencrated very decidedly, 
but bad started acon enough, and acted long enough to cause very 
great degenoration of tho Millerian ducts after they hac reached a 


considerable development. 
In the 17.0 om. free-martin studied (fig. 23), the Millerien 
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duct is discontinuous at the antericr end. It appears for about 
169-200 miora as « solid plug in the mesentery bosids the eotled 
Wolffian duct that forms the epididymis in this specizen, and 

also ac @ hydatid of Worgagni more definite than in the sale of 
this aise. The cornus uteri of the left side appears at the atteoh- 
ment of the gubcrnaculum, bot does not extend forward into the 
lateral part of the tranoverse portion of the cord, but on y back- 
ward, te join the larger richt horn to form the corpus uteri with 
its large lumen. ‘The cervix ia solid cr interrupted, and the vagina 
is patent in the anterior vart, then filled with epithelium, but 
patent agsin for a short distance in the posterior ragion, then 
again filled with epithelium. It is wery evidently derenerating 
throughout. I¢ receives the Yelffian duets before opening te the 
sinus eo in females, by a dorsal groove in the median dorsal sims 
wall. Thereare mo prostates here as in the male. 

In the 20.0 oc. free-martin (Pic. 84), the ostiu= bee felled to 
close im andi is not found. The condition there is iike that in « 
wale between 7% 5and 10 00m. ani mo hydatid is found. So Millcrian 
duct derivative is found in the tubal or cornmua regions, but its 
former presence is indicsted by a srall ridge om the sesonephrie 
ridge, A rewmant of the corpus uteri persists as a patent blind 
tube or vesicle in the well ofthe richt genitel cord just anterior 
to the unior of the cords. The vagina io like that of a 15.0 oa. 
vals, soctioved, bet not figured for this paper, but a Little sore 
degenerated in the widdle region, and relatively slightly lergor in 
the posterior region. There ic 20 sien of cervix uteri cor anterior 
vagina recien. ‘the posterior vagina region ie such larger than in 
the sale, an! receives the Foiffian dects before it opens to the 
sinus av in the Senate “The lumen is wide anteriorly, but filled 
_with epithelium posteriorly. fo prostates are reen arcuni it. 


Disoussion, 
In the cace of the tillerian duct derivatives, the gonditions 
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found in the freo-~aertin ave sasily correlated and explained, if the 
Whllerien ducts carried on ac female 4:11 they had a good start in 
develorsent, then becave sradoally ichibited and resorbed, umier the 
influence of the sale hormone. At the sane Sime the hormone stimue 
lated the active development of ‘he Yolffien duct dorivativ-s, ac 
shown in the inereaned lencth end sire of the Velfften ducts and 
sesinal vesicles, a mele character, in the iengthoning of the distance 
om the sinus between ureter openings and those of Yolffian ducts, a 
female character, coupled with soveral ceminal vesicle prinerdi« as 
in the female, activated to produce enlarged wesiclee comparable to 
these of the male. I°, an is agauned here, the male and fextale con- 
@iticons are modifications of & commen set of Wolffian acd Mbllerian 
dust and gonad primordia, in two different direstions, by syzotic — 
infivenoces in the female, and by zygotic inf -onees incressed by 
hormone action. in the male, «es shown by the above details: then 
the free-nartin, judreed by the sane criteria, is a female, developed 
nerwally by the early actin: nygetic inflrences, up te a stage ehich 
weries with the individual ease as controlled by the so-called ac~ 
cidents of chorionic fusicn and waseular anactomosis,and thes vodi- 
fied in the male directio: ty the male hormone, secreted by her 
twin brother and passed to her in the natural blood trensfusion, causing 
@ retracing of the path of fecsle develor=ont, follewred by develop, 
ment in the male dirscticn. 


fhe Seccus Yagimalis, Round Ligament. and Gubernsoulum. 


For purposes of deseription, the term Sssous vaginalis will be 
used to designate the cavity or see that develops free the vaginal 
process of the peritoneum in the inguinal region, in beth sales and 
femmies, and inguinal canal its part in the region that leter closes | 
in adult sele. The ter doanal of. Nuek will not be used. ‘Jubseraaculus 
will signify the ligament of attachzent of the genital cord te the 
bottem and wall of the eaccus vaginalis if that ligament thickens and 
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Jengthens in the abdosinal eavity,and doos act penetrate the inguinal 
regicn above Pourpart's Ligament or ite equivalent. in froo-zartins 
ths tee cenditions may apply on the differest sides. 

Up to 2.8 om. the sateus and ligemont are practically identical 
in the two sexes. In the case of the female the ssocus vaginalis 
wsually doo not enlarge relatively after this stage, ani though there 
appears to bo cone varietic: in this respect, it never approaches the 
wale condition, in which thie sec grows cut through the ingeinal canal 
to sufficient length finally to reach the bottom of the serotun. 
Heiter does the wall of this sac thicken in the female te the same 
extent as in the alc. In the female tio lignment lengthens and thickens 
is th: abdomen, then shortens, while in the maia, it doss eo in the 
saocus vaginalis, and to a greater extent, particularly in stages abeve 
20.0 om. 

&& 3.0 om. (Figures 4 and 13), the female has « shallower sacous 
vaginalis tham the wale and a slightly shorter Ligament. by the 5.1 
om. stage (Figures $ anc 15) the female has lees than half the depth 
of saccus found in the male, though the wall ia not noticeably thinner. 
The ligament is lenger in the abdomen, and iesds more latersily then 
im the male. This is shows in gross disscetion better than in sestions 
or reccnstruction figures, as enuly dorso~vontral displagenments can be 
wnown. Ia both sexes, the liganont growa doen inside the saccus , ate 
tached along onc side by a mesentery (really retro-peritonsal at first), 
and to the bottes. 

St 9.5 om. (Fic. 7) in fesales, the ligament has elongated, 
breadened, and thickened in the abdomen. The saccuse cavity ic no 
deeper though the wall ath ite aclid bottom extends a little farther 


into the tissue of the inguinal regioen. The direetion cP growth of 
the sacous wail is more posterc-lateral than ventral. In sales 


(Pig. 16) the gubernseulum is narrower in the abdonen than in the 
fonale, but the saceus cavity ae aboot two end one-half tives as deep, 
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and the wall a little thicker. Its direction after entering the body 
wali ie more vontrad. | 

At 9.0 om. (Pig. @), tie round ligament is thiekening in the 
abdomen of the female more than in the 10,0 om. male (Pig. 17). Ite 
direction is caudad sore than ventrad in the body wall. The saceus 
depth hus not increased materially, and the ligament thickens inside 
it at the game rate as in the abdomen. In the 10.0 on. wale the liga- 
ment is thinner than in the female, and tighter stratehed and straighter. 
The saccus is incompicte in the preparation. but is very such longer 


and deeper then in the female even thouch incomplete. The gubernacy]un 


extends down its wall, but the direction is mcre ventrad than in the 
female. 

In the 15.06 cm. female (Fig. 9), a marked change is evident. 
The round ligament in the abdomen is moh brosder end thicker then in 
earlier stages, amd the cavity of the asccus is relatively and probably 
actually shorter than in the 9.0 ow, stage, but its wail is thicker end 
its directicn ia still lateral, and caudal, not ventral. ‘the gonital 
cord has taken a decided ventral loop in the region just anterior to 
the attachuent of the round ligament. ‘he widening of the pelvis, — 
rapid growth of the oterine horns, anterior to the attechnent of the 
ligament, tho retreat of the gonad, end the failure of the saccus 
vaginalis to penetrate the inguinal cenal, have oontributed te keep 
the growth of the ligament all in the abdomen. Im tho 16.0 om. wale 
(not figured) the gubernaculum extends almost directly from the much 
reduced genital cord to the body wall as a thioner flop than ir the 
female. It is included rolled up in the inguinal canal, and instead 
of becoming solid, as in the female, the seeous extends ventrally and 
caudally as a long narrow pocket with the subernacyiva folded inside 
it aud attached to its dorsal wall by « mesentery. ‘the yvontral margin 
of the gubernaculuz is thickened, apparentiy parailoling the thickening 
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of the round Ligament in ths forale. ‘The saceus covity was’ over ten 
times an deop as that of the fermle of the mame sire. 

In the 16.6 om. female (Pig. 19), the round lisamwent is thick- 
ened in the abdomen. ‘The sacous is about one-third a: deep av in the 
17.9 om. male (Fig. 18), bat in it there ic no thickening corresponding 
to the gubernacnium, ner is ths sacous wall thickened as such. The 
Girection of growth is more laterad amd caudad than in the »sele, not- 
withstanding the appearance in the iliustration which is eorowhet 
@istorted by dissection. The unusual depth of*he saccus cavity in 
this female shows that there te considerable varisticn in the normal 
female, but the range in the free-mortin far overntepse these bounds. 

In 17.0 or. males (Pig. 18) the saceus has a large sone of 
growth in walle and bottom. ‘The gubernuculux is even more thickened 
in the sacoue then the round ligament of the female ie in the bedy 
cavity, and it is also soverhat thicker iq the body cavity than in 
earlier male sta,6, causing a loop of” the genital cord. The bettor 
of the caccus appreachos ths sartur vertrally. 

The 20.0 om. female (fig. 1.) hao her rocnd Ligament very thick 
in the abdoren, forming a thick fols between the doree! and ventral 
linbs ef the loos of the uterine horns on each ride, with 2 eiitelire 
cavity in it, the origin of «hich it was impossible te cetermine. It 
is net open to ths ccclom es is the saceus, but seers to dewelep by 
delamination in situ, The cavity o? the saceus vaginalis bes diee 
appeared, and the round ligancn* Joins the broad ligement laterally, 
forming « thin flap of mesentery along tho body wall *or gome distance, 
bot with mo .reat thickening im the body wall where it onters. Tt 
just apreada out into the surrounding tisuucs am! diseppears. 

In the male at 20.0 om. (Fig. 19), the cubornaguluc: oxtends 
slightly ventrally from the seall ,oaital cord to the soeeus ocening: 
in the body wall, It is thicker amd relatively shorter than in 
earlier stages. In the sacour it is thic’eing and leas foided. The 

| saccus extends deeper ventrally toward the scrotus, almost reaching 
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Prom the above details it appears that the gubernaculim thickeas 
less than ths round ligament et this ateage., Its growth down the saccus 
is great, while usua'ly no appreciable saceve appears in the female, 
and for this reason the great thickening in the ?emale oecura all dn 
the body cavity, while that in the mele is in the sneous, ‘The increase 
in length in the fecale. and the attachneaet to the uterine horns nearer 
their union to form the corpus uteri, causes a loop in the uterine horns, 
in addition to the swelling ani loep of the round ligament between then. 
This ligament seems to shorten acd thie out in leter stages in the 
fomale, in the sane manner as the evbornecelue chertens in drawing the 
testis inte the inguins] canal and down te the screteal ase. In any 
case, it docs not retain throuch later stages its relative sise an 
compared tc the cornua uteri. 


In Free-martins: 

In 9.0 om. free-wartin Ho. 1 (Fig. 26), the ligament is not thick- 
ened in the ebdoren as in the female, is relatively a little longer 
than in the mals, but bends slightly vectrad as in the fowale. The 
genital cord also takes the ventral bend characteristic of the femole, 
apparently due te the lengthening of the cord, no’ to « pull by the 
ligament. ‘The eexcceus faginalis ie deeper than in the fenaic of the 
eeme size, but ite walis no thicker, amd ite direction oxudad as in 
the fecale. hile this specimen is intermediate in condition between 
the sexes in the round ligament, it is still predosinantly fexale. 
| The 9.0 om. free-wartin Ho. 2 (Fig. 21) nas the gubcrnaculus 
slightly thicker in the abiomen thas ‘mn the mormal sale, emi longer, 
en leee direet from the cord to the aneous opecing. The direction of | 
the sacous ie ventrad, somewhat as in the male, and the bottom of the 
saccus is denser, thicker, and more actively growing than in the 
female. The ventral loop of the genital corde of the female is wanting 
here. This free-martin io sore decidedly male in conditic. than He.] 
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end has a gubernaculum inetead of a round ligament. 

The 22.95 om, froe-mertin (Pig. #2) hes ite round ligament 
thickened and curved in the abdomen, somewhet as in the 9.0 om. 
female, but the wurve in dorsad not wentrad as in the ferale. ‘The 
saceus vaginalis is at leost ten times cs long an in the 18.0 ex. | 
fomale (Fig. 9), and three times as long as in the 9.06 om. female. 
The ligament extends to the bottem ef this enc as in the male, but 
is mot yot thickened in the sec, nor is the sae wall euch thickened. 
The direction of growth is ventrad an in the male. This free-rartin 
has sale and female characters somewhat evenly balanced. It suggests 
a fairly advanced fomale condition reversed by the action of the male 
hormone, taking effect late, by reneon of late chorionic vascular ~ 
anastomosis. . , 

In the 17.0 om. free-mwartin (Fig. 25) tne gubernsaculum is re- 
latévely long in the abdomen, but only slightly thickened there, and 
hes a double curve instead of being tight stretched. fhe waaeue is 
much longer than appears in the figure reaching alzost to the udder 
primordiun, end the gubernaculus is much thickenec in the saccus as 
im the male. ‘The walls of the sascus are thick and the direction of 
the active growth is ventrad. This is decidedly mals in type of de- 
velopment, but hao evidences of female carly stages. 

The 20.0 en. free-mortin (Fige #4) hee a very sarked thickening 
and broadening cf the gubernacuiun in the abdomen, but less tian in 
the fecale, and farther laterad, toward the bedy wall. It forms a 
decided bulb in the cody cavity leteral to tie uxbilical arteries, 
but extends medially te ite attechnent to the genitel cord, a: a 
thin sheet. The caccus invades the body wali ventrally ami caudally, 
| about one-third a: far as in the male of this size, while in the fe- 
) ‘gmale none at ail is evident. Here tne qubernsculun thickens in the 

saecus and this thickening is @ ntimmus with teat in the abdomen. 
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The aaccus better is growing nearer the udder region, but no scrotux 
appears. 

That this structure is a female one being sodified in the male 
directicn is shown by the tendency to thicken in tho body cavity, but 
also inside a long sacous vaginelis. 

An interesting case in thie connection is that of a 25.0 on. 
free-cartin, in which the left side has a testis already drawn into 
the saccus, and a gubernaculus thickened only in the suc, while the 
right side, on the contrary, bas o rowyi ligament almost all thickened 
in the abdomen pushing the gonad farther back from the sagcus opening. 
This seems to be male on one side and female on the other, if one does 
not examine tco closely. Sut on closer examication, the gonads are 
seen to be alike except in position. ‘the anomaly is due te the failure 
of the right sac to penctrate the inguinal oansl, ani develop, while 
the left 4id ec, and so one cid» developed in the female sanner and 
the other in the male. ‘this can be understeod when it is considered 
how far the left < de, az a rule, ia in advance of the right in de- 
velopment, particularly of the male characters. ‘the stimulation of 
the wacinal eac caused it te reach the inguinal canal on that side 
before it closed, or caucsht the left primerdium at ite critical stage 
and caused the right te grow too slowly te pass the closing canal, 
or missed its critical stace. In many freoe-martins th: sacs fail to 
penetrate on both sides as shown in Lillie's ("17) paper and in many 
they penetrate on both. ‘There would appear to be a tice when the 
penctration by the saccus is inhibited, if tho sasous bes not already 
passed a certain stage or point in tho inguinal canal. The left seene 
to pass this stage earlier than the right and to be in a condition to 
penetrate more often than the right. 
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The Fats of the Nesonephros 


In the fenale:. 

The nesonephroc reaches ite saximom size in embryos between 4,1 
eed 7.5 om. For at 7.5 em. it te shorter than at 5.1 om. Bergschicker 
(*:2) says the snxisum isrreached at aporoximately 4.5 on. nock-rump 
length. eserption appears to be crentest in an anteri~vosterior 4i- 
rection, but some teems to go on at ths posterior end. The retreat of 
the goned say adi to the appearance of vo-tericr decenerntion. 
Bergechicker ('22) shows thors are fluctuations in both sexes, and this 
study 41d not muks comparisons of animals of the sore age and sex. 


By 9.9 om. (Fic. $) in the female, the sesonerhros shown considerable 


@eercace in asics. and thie takes place principally by the degeneration ef 


the oranial group of tubeless and «<loneruli., 
At 15.0 om. (Pic. 9) the female shows « creat reduction in the 


. fember of closernli leaving a mass of tubules and a few elowernli. 


the rete overid still passes out inte the mesonephres and icads to a 
glomerulus, but no evident tubular connection either to the clcmerulus 


or te tie folffian duct is srescai £8 Bas noted unmier the WGilleriaen 


@uct develoctent, th: rete leads on te the ontium tubsae abdominale, 
but ite eignificunce was -of clear from thie study. | 
At 16.5 om. (Fig. 10) im the female, the cranial group of tubules 
sre not retained in amy cspacity and the whole mssonephros has undergone 
further dcceneraticn. 
At 26.0 om. (Pig. 11) the rete ovarii extends anteriorly from the 


gonad and reaches the ooelovic sur’ace, forming a few tubules opening 


into the body cavity, and covered with columnar epithelium on their 

coelomic edges. ‘this joins th» ostium anteriorly, but has no gonnection 
with sescnephric tubules or duct, and fades out pocteriorly. Bo glome- 
ruli ani only « fer small tubule remnants are present in the sesonephros 
iteelf, forming an epoophoron, a the tubules connected to the rete are 
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interproted as remmants of the anterior group, ard & parcophoron, | 
consisting of a few tubules at the posterior ond of the bonad. 


In malos:~ 

The condition parallele that in females up te 8.8 om. (Pig, 14) 
where the mesonsphros appears larger in diameter, but not longer, than 
in the femele. At 5.1 om. (Fig. 15) 4¢ is longer and the cranial 
group of tubules has not degenerated as cuch as in the female while 
the caudal greup has. So ite anterior part de larger in diaseter, 
than in the forale. Thie difference gets more marked at 7.5 om. 
(Fig. 16) and, at 10.0 en. (Pigs 17), 2 male hae it less decenerated 
im the entericr emi than a 9.0 om. fersle (Fic. 8), but Jost ac such 
in the caudal group. At 17.0 om. (Pig. 16) tae amtcricr or cranial 
group of tabulce remaias ad forse part of the apididysis connecting 
the rote te-:tis directly to the Solffian duct, but the caudal group 
has degenerated eni gieservli are found only aa rudizents in the 
perndidyai«s or organ of Jiraides ani in a ductus abeorrans. DOnctuli 
efferentes are forming a cennestion of the folffien duct with the 
rete tubules of the testis, but the glomeruli of these cranial meso- 
nophric tubules are gone. At 26.0 om. (Piz. 29) this connection of 
the ductali efferentes from Yolffian duct to rete testis is plein 
end easily traced. Such connection was lest in the female, thers 
the rote led out to the ostiv= at thie stage. The eauesl group of 
mesonevhric tubules hac formed a puradidyzis, and a ductus abherrens 
extenis off by ituelf in the mesentery with three anmnali enlargements 
on its tubule, like degenerate glomeruli. The whole mesenephro: ie 
egslower to dogenerate in the male than in the femsie, especially in 
the later stages. | 


Tn the free-cartin:- 

In the 9.0 em. free-rartin No. 1 (Pig. 26) the mosonepnros is 
larger than in the fesale of the samc aise. the caudal group of 
tubules are degenerating a little sore slowly than in the female, 
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but the cranial group retain their connedtion to the rete and Molffian 
éuct as in males. Gloweruli ere prosent in both groups of tubules as 
in the normals of both sexes. This free-wartin resombles the male in 
ionger mesonephros and connsetion of the cranial tubules to the rete 
of the gonad. It resembles the female in huving the rete lirked to Bho 
ostinus, but less defi itely so than in the female. the rote is not yet 
organized into definite tubules. 

| The 9.0 om. fres-cartin No. 2 (Fige #1) has more reduced cranial 
tubules but a total length greater than im fevalec. The cnudsl group 
of tubules is mot so shrunken a in Soe.l. ‘the comection of rete 

and coelo: is smaller tiun in the fermle, but the rete is connected 

te the “olffien duct by the cranial group of tubules and glomeruli 

are present. 

The 11.73 eu. free-martin (Fig. 22) has a marked constriction 
of the sosonvghros between the oranial and caudal groves of tubules. 
In one place there is but @ single tubule in cross-cection between 
then. “ths cranial tubsles persist without any connection to a 
folffian duct, which ic wanting in this recion of this free-sartin. 
The ductuli efferentes are presest and the rete is connected to the 
hydatia of vorgagn’ or osticm reznant, and only to the posterior few 
tubules of the cranial group. Though no Yolffian duct could be dis- 
tinguished from the tubules, it probably exists coiled upanong then. 
Posterior to the gonad, tubules ars more numerous and a fox degensra~ 
ting glomeruli are to be found, but no ‘olffian duct. the Yolffien 
body as a whole is almost as eomll as that of « 16.0 om. ferale, 
but degenerates in the male manner, after losing its ducts ex much 
ac @ 15.0 on. fownle (Fig. 9). 

The 17.0 em. (Fig. 23) free-martin hac a such shortened meso} 
nephros in which the cranial group of tubules seems to be involved 
in the retreat of the gonad, for ite epididyais amt the eayia? group 
appcar dorsui to the cra-ial ones. ‘he rete has lost its connection 
to the hydatid, but retains it tc the cranialgroup of tubules and 
thus te the “olffian duct, Olomeruli are absent. There is more 
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mesonephros retained than in either mele or female, but the relative 
position and connections of parts retained are male, with slight modi- 
Pication. 
In the 89.0 om. free- artin (Fig. 24) the rete retains ite con- 
 meetion to the anterior tubule resins in the epididyais, but bas lost 
it with the hydetid which is alse absent. A ductus aberrane is repre- 
sented by a aingle isclated tubuie, extending forward from the mesone~ 
phres in the body wall, seperate from ths cther tubeles, Glorervli ars 
absent. "hile the cranial group of tubplee ic not get quite as ouch 
stimvinted ap in the mie, where they form the ductali efferentes of 
the epididymis, there is mors mesonepiiros af a whole than in the wale 
or fonale. 

The dogenvration of the sesenephros in the freeetmartin ic slover 
than in either sez normal, tut in general, it follows the wnle method 
ef disappesrance, in that the cranial group of tubules form ductul’ 
efferenten of the epididymis. 


The Urogenital Sinus and Ite Derivatives. 


As before described, the separation ef the vroyenital sime 
from the rectum is —e by th 8.4 om. stage, In the female the 
perineum: remains short, and the urogenitel sinus evens to the exterior 
through the urogenital plete at thie carly ctago, while fn the male 
the sinus remains closed, and a ridge cr raphe forms vertrally over 
the urozgenitel sims, which is prolensed te the tip eof the cheallue by 
@ narrow verticnl plate ef cells derived from the urogenital plate. 
the penis sigrates vortrally slong the belly wall to ite definitive IY 
position close to the wibilicus. ‘This greatiy slorgates the urethra ey 
in the malic, particularly in the pare sesbranacea and pors cavernonay 
and directs i4 antere-vertrally, instesd of posteriorly as in the foo 
male. 
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In fhmales at 2.8 ox. (Fig. 3) the urogenital plate, wich ox 
tends from the perineum to the tip of the phallus, is perforated by 
the posterior continuation of the urogenitel simze luson in the form 
of a narrow slit to the exterior, extending some distance ventrally 
from the porineus, but leswing the ventral two-thirds of the plate filled 
with the opithelium ef its walle. This plate extends aleng the dorsal 
surface of the phallus te its tip. The primordia cf the bulbo~vestibular 
giands are already present, ac oumll Inters. outepouchings of the lining 
epitielius of the twe dorgal-grooves in the side walle of the sinus. 
Ghije only about 100 micra long. they turn ferward as distinet glands, 
but are not so far dorsad as in the male of this sise, and are slightly 
Gere apparcnt. Yron these glands forward,.the simus, flattened cut 
laterally, bends slightly veotrad, amd a ridge develops in ite dorsal 
wall, extercding farther inte the lumem as one proceeds forward, till 
the sinus itscclf hseores « narrow crescent in section cutline shere 
the Wolffian ducts open into it. ‘This they do by ponetrating the 
inner walls of thie oreseent from the interior o° the ridge. the 
wWBllerian ducts d¢ not reach the simus at thia etage, bet they de at 
$0 om. (Pig. 4). just posterior to the Wolffian ducts. The distance 
on the urethra proper froze ureters to Solffian ducts is longer in the 
$.0 om, sta. 

At 3.@ on. (Piz. 8), the sinus is a Little longer, the bulbe- 
vestibular glands larger, sod the sex ducts open into a sinus, ovel 
in crosa-section. The urogenital plate stil. extends to the tip of 
the phallus. ‘he po terior vulva opening has enlarged in all di- 
mensions, ami is wide open for alsost the entire depth: of the plate. - 
the dista-ce oft the urethra, from the ureters to the Wolffian ducts, 
te longer, the porineus is « little wider, and the phallus, a little 
more recurved, than in younger stages. ‘the little regions of growth 
behiced the vacina are now incorporated into it. 

&% Bel ec. the urogenital plate extends forsard into the tip of 
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the phallus as a pouch, filled with epithelium, and reofed over by the 
recurved tip of the phallus, which flattens out at ths 14.5 om. stage. 
The porinoux widens a little by the 5.1 on. stage, (Pig. 6), but 
thorcafter if just keeps pace «ith the growth of the ourreunding parts 
acc , ote relatively narrower fro= the 16.5 or. atage on. the vulva 
eslarges sOmcwhat, but, while at §.1 om. it enters in an antoro-dorsal 
direction, its floor gradually flattens out und by the 16.9 em. stage 
(Fig. 9). it lends nearly horisentally into the vestibule, while at 
26.0 om. it is horizontal (Fig. 11). ‘tho vulva keops sacs rith the 
grorth of the surronueding strvetures. 

The bulbo-vestibular glands gros out laterally from the sides 
Gf tho sinus where the vulva leads into the vestibule, and thoy begin 
tc braencit at the 7.5 om. stage ani thereafter become more branched and 
much larger, till at 15.0 ex. they ponctrate beyond the suscular esat 
of the vestibule, snolo ed in a muscular coat of their oma ani eovered 
by the prirordius of the constrictor enlvae muscle. They continue to 
increase relatively te the 20.0 ex. stage (fig. 11). Their deets opnn 
te the vestibule farth r ves ttrally on the sides of the verctibule than 
do their homologues in the mate. 

The veatibule becomes relatively shorter and larger in lumen, 
and becomes aliic.t double by reason of two ridges, one in each lateral 
wall, that alwost ssparats a longitudinally erinkied dorsal corridor, 
which in later stages leads straight forzar’ inte the vegine as in 
25.0 om. fomale (Fig. 9) from a ventral corrider, leading forrars to 
the urethra proper. 

At 5.1 om. the vagina and Wolffian ducts open inte the eine, 
one behind the other, from the salls of a ridge in the dorsal sinus a 
wall, round « tongu: of Hews as described under WSllerian ducts, — 
and the vagina hea two beck vr projecting pouches at ite posterior . 
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end. By 7.9 on. (fic. 3) the Yolffian ducts join the vagina ovens 
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te the ventibule, end at tho 18.0 om. otace the vagina opens straight 
anteriorly from the dorsal corridor of the vestibule as in ister 
Stages. | 

So-called homeloguos of the prostates, the pera-urethral ducts 
de not make their appearance before the 20.0 en. stage (Fig. 11), “hen 
they appear an two or three small side ducts off the dorsolateral grooves 
of the vestibule, a short distance posterior to the wacina orifice. 
They de not develop in the postero-anterior direetien characteristic of 
the male an¢ they are ouch belated in appearance. 

, Anterior te the vagino-vestibular opening, the urethra proper 
extends forwerd te the ureter openings. As desoribed before, this 
distance lengthens rapidly in the female te become double thet in the 
mele by the 9.0 om. stage, (Fig. 4) and still lenger relatively, later. 
St 5.° os. it passes forwerc without marrow.ng noticeably, shanges 
from a squars cross-section outline to a orescentic one, and develops 
@ ridge in its dorasl wall, through which the urstere enter it. In 
later stages, when the auburethral diverticulue develops from §.0 es. 
upsords (Pig. 8), it hao a sudden decrease in lumen, just. in front of 
the vagina opening, with the auburethval civerticulun developing ac a 
forward projecting blinc pouch, ventral to ite narrow postericr end. 
This divert:oulus increases in size, and finally, by the 15.0 ox. 
stage (Fig. 9), it feorss an anterior continuation of the ventral corri- 
der of the vestibule, with the very norrow typically female urethra, 
opening inte ite dereal «all near ite anterier end. This diverticulum 
eclargss and lengthens up to the 20.0 om. stage (Fig. 11). This seeng 
te have no homcleguse in the male. : 


In maloo:- ) 

The urogenital plate does not become perforated as in the foxsle, 
and, at 2.8 om. (Fig. 12), its edgow in the middle and dorsal part have 
begun to grow together to forn a raphe ventrally from the periccum. 
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ia the dorga: eurface of the phollua, ite margins next the ekin ave 
oleser approsimated than in the female. The whole of 14 is filled 
With epithelius ond the perinows is but slichtly breader dorso-rer~ | 
‘trally than -n the female, Bulbo-ursthral glaed primordia are present 


j 
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- @@ bogologues of the bulbo-ve tibalar glands, but sore dgraally placed. 
The dumen of the sims anterior 4b these clands is nersowor than in the 
fenale. The Poliffian ducts enter at ite anterior end, Imt the ridge 
foun in the female is wanting. ‘The Wllerian ducts hawe not yet 
nearly reached the sinus. In the specimen studied thers was a small 
blind pouch, Lined with Tolffian duct spitheliu:, sands? to the right 
Geigfiun duct, in the doreal sinus wall, but oc it dove not appear in 
idger stages it is taken to bs Gf no eexnal significance, The ureters 
join the sides ef the Folffias ducts ond simu at their point of junc~ 
‘tion, ani the ginns exteade forward as the urethra or neck of the 
ditdantoia, without narrowing. By 3.0 on. (Fig. 13), the vrogenital 
gimms reachas the surface only on the dorsal surface cf the phallus, 
and is filled with epithelim: throughout, Bulbo-urethral glands are 
nore developed than their homologues in the fesale. ‘The sinus, anterior 
to thease ducts, bas a lerger dorsal ridge than in the ferale, and fros 
it the W8llerien and Yolffian ducts join the sinus together, but the 
u“Bllerians extend farther back es tro divertiquia. ‘The urethra proper 
te @horter than in the forale, but broader. ‘the 3.6 oc. male (Pig. 24), 
hac the following chanzes;+ the migration of ths penis forward sieng 
the ventral body well and ‘he widening of the perineum hee contined, 
the bulbo-urethrsl gland apertures hove moved ventrally on the cides 
of the sinus and the e mus dorsal wali hae a pocket,the cupra-urothral 
divertioulus extending dorsally toward the rectus. The lengths of the 
prostatic urethra ic longer than in the ferale, and the Willerian 
ducts join the felffian ducts, and the lstt«r join the sinus, but the 

| ridge in which they lie is relatively evaller than in earlicr stages. 

| The sex differences at this stage are;- the recurved unperforated 
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cavernous urethra, the migrated penis, the dorsal pouch in the 
bulbo-urethral region, the more ventral bulbo-urethrel giends, the 
longer prostatic urethra, the short wider urethra proper, and the 
wider porineus of ths male, aw compared with the femelle. 

At &.1 on. (Pig, 15) the vigration of the peniz past the serotux 
hes lengthoned the cavernous urethra, shich ic narrower and perforated 
some distance from the prostatic part teward the penis. he corpus caver- 
mosum urethrac is developing along its sonters-dereal surface, and sur 
roundéecsll bet ite ventral surface. The belbe-urethral glaris under the 
prinordium of the bulke-caversous seccle and the supre-uretbral diverti- 
culum at the bend, aro longer than in earlier atages. the prostetic 
uretira has narroved very much juct anterior to the duete of the bulbo-~ 
urethral glande end prontates first appeer ac small solid divertienla off 
the dorsal and lateral grooves ofthe sinus, called the prostatic grooves. 
They appear first at the posterior end of the prostatic urethra and spread 
anteriorly and cireunfercntiully in leter stages. The prostatic urethra 
is relatively longer and narrower thar in the female. ‘The @illerian 
ducts open inte the sinus separately pesterior to the folffian ducte, 
aed the urethra proper in shorter than in the famale. 

By the 7.8 om. ste -e (Fig. 16) the urogenital plete remmant has ite 
definitive position at the under surfece of the cland penis, and perfora~ 
tion of the cavernous urethra is almost complete. The siemeid flexure of 
the penis is beginning to derelor and the urethra traverses it. The supra- 
urethral diverticulnus at the bend is somller reletively. Proetates sure 
round the proutatic urethra and extend forward almoct te the vagina open- 
ing, and the bulbo-urethrals begin to branch. ‘The urethra proper is short, 
and the prostatic urethra ic about the same length in males end feunles at 
this stace. 

At 19.0 em. (Pig. 17), the prepuce begins to develop round the glans, 
and the whole penis points tore anteriorly than in earlier stages. ‘the 
dersal diverticulum is larger and the bulbe-urethrals longer and more 
branched. Prostates ar: more profuse and extend more around the elongated 
prostatic urethra, which is nerrover than in the 
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female. Vagina masevlina and Wolffien ducta join it seperately, ext 
the prostates reach the vo¢ina opening. No suburethral diverticular . 
develops in the mle, but the urethra carreve anterior te the vagina. 

At 17.0 om. (Pig. 18), tho sigmoid floxure of the penis is well 
developed and the cevernouws urethra long. The grontly erlarged bulbo- 
urethral glands oper inte the dorsal diverticuius at the bend of the 
erethra. The proctetic urethra is three tires as long ar in the female 
and Sarrower, and the prostates surround it and the wasina. ‘the urethra 
proper is not narrowed as in the female, and is only half ae long. The 
vagins does not ope: toe the sinus, but is blimi, beth anteriorly end 
porter orly. 

The perforation of the urethra reaches the ourface in the 20.0 
om. mnle (Pig. 19). All the gale charseters « ¢ more advanced sxcort 
the supra-urethral diverticulum at the bend, which is smaller. Pro~ 
states are taller dorsally, but few, avall, and scattered, vontrally. 


In free-cartins:~ 
the 9.0 om. free-martin So. | (Fig. 20) hac a aot of female uro- 
gecital sinus derivatives wiich correspond te those of a normal Pengle 
ef somewhat yournszer stage. The floor of the vulva and vestibule is 
flatter and the vestibul» ia short, but not quite co large in diameter, 
ae in a fowale of this size. ‘the porineur is ao in the female. The 
bulbo-erostituler glands are not so far aivacesd, The Weiffian ducts® 
join the vagica, then both join the sincs, as in the female. The 
urethra narrows in front of the suburethral diverticulum end ie even 
lenger than in the female of thie size, Ho prostates are found. 
There is no rosexblense to the sirus derivatives of the male im any 
particulier. ) 
In 9.0 om. free-martin fo. 2 (Fig. 81), the urogenital sinus 
| derivatives are also fezale in every respect, but of slightly reduced 
size. It even bes the same srall pocket of epithelius under the tip 
of the glans olitoridis, as well as the forele velva opening. The 
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vestibule ig short, ui wide in dianeter; bulbo-vertibulear glends are 
fevaie in types, but less branched and ocak er, than in Se. 1. However, 
the vagion and folffiesn dusts open to the vestibuls saperstely like « 
male. The urethra prover i= trico as Io ¢ o« in the 16.0 on. male 
(fig. 17). “he suburetiral divrerticulea fo not developed, tet the 
urethra nerrose after the fecele fashion. Perinour te fenete in type. 

the above details show that, of the two 5,0 cm. free-rertins 
stedied Se. 1 is more afwonced in female cheracters than 0. #, in res- 
pect $c ureters, wolffian cuct coumeetions, and va ini, all mesedermal 
durivatives, tat neither ie in eny recpect wale in the derivatives of 
the uroegenitel sims, wcich is derived from enteders. 

the 21.75 oc. froo~sartin hee a clitori- recuged in size end e 
fewale type of perinews, volva, and vestibule. (fig. 27) %rithe- 
 woatibuler glanis are sore advanced then in the §.€ om. froe-martine 
or norzal feraler of that size, and the vestibule is cherter. Ye 
prostatic homelogues are Found. Varina and Telffiern ducts unite, then 
open ints the aims es in tho fowale, Yhere is no @ofinite cuburethral 
divertioulus, bet the urethra sarrowa in front ef a dip in the vertibule 
ficer es in 2 such younser feusle, and « degeneration ragten is found 
dgorsel to the anterior oni of the vectral vestibaler corridor, where 
the urcthre woold be, if tho evburetaral diverticulum hat developed. 
This looks ax though some decenerntio. cf a female condition were go- 
ing on. The urethra i» twice ae lony a: tn a 2.0 on. female and four 
times as long as in 2 19.0 om. wale, Thi» frea-~martin is alee forale 
in sims derivatives, bat with sodifieaticns in the male direstion in 
the cosodernal derivative:, the junction of the tmethra te the suburre 
thral diverticulus or vestibule. ; 

The 17.0 om. freoemartin (Fig. °5) also har « fowsle aot of urce 
genitel sinus derivatives. ‘he volte is open wide, the butbe-vestibéler 
glands are well developed, the vectibule wide ard ehort, the ouberathral . 
divertioulus large, Felffian ducts join the vagina, then both join the 
vestibule, and thy narrowed urcthra is 4.1/30¢ as lone os in the female 
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of this size while the male han it 1.8/2.4 as long as the female. The 
ecall primordiux of the poraqwursthral duets appears as in @ female of 
20.0 om. (Pic. 11) om the éorse~lateral greave o° vestibule on each 
side. If this iv a homologue of the proctate as given by Neugebauer 
(*98) it develops lete here as in the female, and in the female fushion, 
not posterc-onteriorly as in the male. : 

The 20.0 om. free-martin (Pig. £4) bes a much more advanced fe- 
wale type of vulvs and 2 flattened cut volvo-vestibuler canal, while 
the bulbo-vestibular glands are better developed. Other advances in 
development are shown by the s:ortening ard widening of the vestibule, 
the method of union of the vagina masculins with the ®clffian ducte 
and sinus, the evburethral diverticulum, the length of the urethra 
proper, and even in th presence and condition ef the two small pare 
urethral ducts of Skeene as in the 20.0 om. femnlc, but larger. And 
eo hers, too, the fezale cenditions are retained, but the para-ure- 
thral ducts are aheed of the female, but are evidently sceondary in 
their time o° stimilation, just as in the female. but this study does 
not take in Inte enough stages to decide tacir exact honmclogy. 

The sexual differences in the development of the derivatives of 
the urogenita) sinus and plate, brovght out by this study; are as 
foliows;- 

(2) The development of the long cavernous urethra sith signoid 
flexure in the male. lacking in the female, is socompanied is the 
male by widening of the perineum ard closing ever of the urogenital 
plate, with consequent ventro-anterior sigration of the penis. Its 
absence in the ferale iz aceompanied by greater recurving of the 
clitoris. 

(2) Development of the svall supra-urethral diverticulum in the 
mais at the bend of the urethra and junction of the cavernous and pro- 
static portions, te reeeive the bulbo-urethral glands, with no homolegue 
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(3) The long narrow prostatic porticn of the urethra is the male 
as contrasted with the wide short vectibule is the fenale. 

(4) The difference in type of the bulbo-urethral glands in males 
from thet of the tulbo-vestipylers in the female, their homelogues. 

(5) The development in the male of profuse prostates, surrounding 
the prostatic urethra from the bulbo-vrethral gland region te the open- 
inae of the Wolffian ducts, and spreading in 2 posteroe-antericor dirss- 
tion. They appear first at 5.1 om. stage. The peare-urethral ducts of 
the fomale, given ty Seugebauor a the homologues of the prestates, do 
not appear in Sounles before the 20.0 om, stage, when two or three 
apsear in the dorso-laters! grooves of the veetibule, near the vagina 
@pening, not near the bulbo-vestibular glands ar in sales. 

($) The absence in the male ef a homologue for the sub-urethral 
diverticuluz of the female, and the failure of its urethra to sarrow 
in front of the *clffian duct openings as in females. 

(7) The chert urethra proper in the sale as contrasted with one 

twice a: long or more, in the Perale,. 

Ss (8) The great development of the long corpus cavernous urethras 
in the mole, with its sigmoid flexure, as contrasted with its al«est 
rudimentary conditior as the cerpus cavernosum cliteridis of the fe- 
male, short and sinvons. 

{9) The opening of the “eolffien ducts sepsrately anterior to the 
vagina masculina in tho male, as contrasted with their union with the 
vagina before opening as one to the yectibole in the ferale. 

In all the above features, excopt the last, the froo-martin is 
definitely and umeistakably female as far as shown by the specimens 
studied. ‘the structures montioned in (9) above ara of meaciermal 
origin, which “ay in.a measure account for thoir boing influenced in 
the male direction, while the rest of the sinus derivatives, except 
the atrip between the ureters end the Yoiffian cucts om the dorgal 
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urethral wall, are of entodermal origin and are essentially unaf- 
% 
fected, and remain female in mode of development. 


The Phallus and External Genitalia. 

In females: 

The female external genitalia differ from those of the male 
in the perforation of the urogenital plate in early stages. This 
takes place before the 2.8 cm. stage. At that time the position 
of the phallus is approximately the same in the two sexes, and both 
have gehital swellings and teat primordia. In the female, as time 
goes on, the phallus becomes more recurved toward the anal opening, 
the vulva more open, and the perineum no wider relatively. The 
genital swellings in cattle, unlike those in the human, as described 
by McMurrick in his "Development of the Human Body", do not take 
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part in the formation of the labia majora, as is shown by F. R. Lillie 


in his unpublished work on the homologies and fate of the external 
genitalia in cattle, but completely disappear in females at about 
10.0 cm. = 12.0 onm., and labia majora are absent in cattle. The 
lips of the genital plate form the genital folds and, finally, the 
labia minora. The place of the absent labia majora is taken, in 
later stages, by the labia minora or nymphae, which grow out on the 
sides of the recurved phallus and approach its tip, finally over- 
lapping it in the older avugee’ though not bg the 20.0 cm. stage. 
The tip of the phallus is cavernous and forms the glans clitoridis. 
In early stages the glans has an undercut grosve in its dorsal part, 
filled with stratified epithelium. This disappears in later stages. 
The thick ventral wall of the vulva becomes cavernous, as the corpus 
cavernosum clitoridis, which is sinuous and does not have the great 


increase in lenght so characteristic of the male. The glans clito- 


ridis is knob-shaped at first, but by the 20.0 cm. stage it is pointed. 


The udder and teats develop and the genital swellings give rise to 
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seall scrotal prominences which disappoar after the 10.0 em. stage. 

In males: 

The phallus migrates along the ventral body wall, following 
failure of the urogenital plate to perforate, as it does in ferales; 
the perineus crows ventrally over the dorsal part ef the plate; the 
lips of the plate fuse to produce a raphe on the body wall. ‘thus 
the phaliue is pushed forward to the umbilicus region, and comes 
finally te point antero-ventrally. ‘the sigmoid floxure of the much 
@longated penis, including the urethra and corpus eavernosum, develops 
from before the 7.5 om. stage (Pig. 16). ‘The genital swellings 
develop into a scrotum, no udder develops, and teats remain rudi- 
montery. ‘the sides of the phallus develop inte « sheath of skin 
a8 @ prepuce at aboot 10.0 om. (Pig. 17), and a foros develops round 
the glans penis, which glans romains projecting forvard as the end 
of the corpus cavernocum urothrae. ‘The glans remains open ventrally 
allowing the urethra to open on its ventral face, and ie attached 
te the prepuce by a frenaien or strip which takes « spiral course 
along one side of the glans, from « ventral position near the tip, 
to one slichtiy to the left at the bottom cf the fossa. 


In the free-martin: 

The phalius developsent of the free-martin is completely 
ani exclusively ef the fomele type, sc far as seen in the 36 free- 
wartins collected whils pursuing this study, and Lillie (*77,"23) 
doses not record any sedification of the external genitalia in the 
male direction. “seller and Tandler ('14) mention finding some 
such modifications of the external genitalia, but do not describe 
them. ‘The only cases properly described dm that of Numan plemecinges 
and he hed only the depier's word that it was twin to a byll, ©: 
Suoh eases coeur in single born salvos, and therefore need not 
be due to the situation during intra-uterine life, but may wory 
well be sygotic intersexes, of which one would expect to find 
the same percentage among free-martins as among single born heifers, 
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and of which there are sone recorded cases. there is some reduction 
in cise of the external genitalia in sone eases, ©. g. the 9.2 om. 
free-cartin § 8. But thers is no sign in any of these free-nartins 
of forward migration of the phallus, nor of closure of the vulva by 
evergrosth of the perineum ac in the male. ‘Those winer modifications 
found are ail to be found in normal females sco far as noted. in 
free-nartins the scrotal prominenees disappear as in the normal 
ferale, and the uider forms, but still remains seall, even shen corre- 
lated in the individusl with descent of the gonads ac in sales. 


‘wemary and Discussion. 


(2) The gonad of the free-martin develops os an ovary to 
@ varying degree of differcntiation, depending cm the tine of 
initial reaction to the sale hormones, and may <o sco far in the 
fomale direction of its differentiation as to develop a considerable 
layer of secondary sex-coris, which, uncer the influence of the 
msle hormons, undergo degencration, and apparently entirely disappear. 
The sex-cord region, in all cases examined, is cut off from the 
epithelium covering the gonad by a tunica albuginea resembling that 
of & male cf sxaller size than the free-sartig, end the rete of 
the goned assumes a position in the gonad correlated with the degree 
ef development in the male direction reached by the other sex 
Organs. 

(2) A sexual difference is evident in the much longer 
- @istence on the urethra between the openings ef the ureters and 
those of the Zolffian ducts in the female as compared with the 
male. ‘These structures have a common origin in both males and 
females, but the ureters migrate anteriorly along the urethra in 
both sexes. ‘The free-martia is usually intermediate in length of 
this tube, but is eometizes oven longer than the corresponding 
formals. %% does not approach the wale condition in the cases 
studied. 
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(3) In females progressive narrowing and degeneration of 
the Wolffian ducts set in at about 5.1 om. stage and continues, 
at a rate varying in different individuals, till, et 15.0 om., the 
-ducts are intermittent anterior to the vagina, and, at 26.0 om. 
they are present only in the uterus wall, as sclid strips, and as 
minute isolated segments, in the wall of the anterior half of the 
vagina, but continucus in the posterior half, and with a lumen in 
the posterior one-third of the vagina wall. They have lost ali 
connection to the rete of the gonad and te the cranial group of 
mesonephric tubules. | 

In males these ducts continus te develop and have a lumen 
throughout. ‘They may even ccoupy the whole of the genital cord 
in places shere the MGllerian ducts are degenerated completely. 
They retain a connection through the cranial group of mesonephric 
tubules with the rete testis, im the epididymis. 

in free-martine the condition of the ducts varies. In one 
ease (11.76 om.) they have degenerated in the anterior part as in 
the female, and have lost all somnection through the cranial group 
of mesonephric tubuies to the rete. In the other cases studied. 
they retain this cpnnection and are sale in condition, but are 
comparable te males of younger stages, In all, they appear te 
have behaved as in the fomale for o considerable time, ana to have 
degenerated sozewhat, and thea been stimulated again. 

(4) Im fensles the folffian ducts in later etages join the 
 wagina before opening inte the sinus, shile in males they open 
separately throughout the series as in carly stages of both sexes. 
In froe-mertins the condition is weriable. Sometines it is as 
in females, and at other times es in pales. This bears a relation 
to the degree of maleness of the other organs in each individual. 

(8) The seminal vesicle prizordia begin to show development 
in the 7.5 om. ferales, and five, or possibly more, begin develop- 
ment in the etages studied. Sut mone reach a sise appreciable in 
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gress dissection, and in later stages they appear on an inter- 
rupted Wolffian duct, and, in many cases, on isolated parte of it. 
and always farther forward than in males of like sise. Io the 
last stago studied they are found in the lateral walls of the 
cervix uteri and anterior part of the vagina. The number of minzte 
wesicles is a sex characteristic. 

Tn males usually one, or at most two, occur, of which the 
posterior one doos not develop, while the anterior one on seach 
side grows strongly to a considerable length before branching and 
the cpening of its single duct in later stazes is progressively 
nearer the postericr ond of the Yelffian duct, into which 4% crens. 
The large size end profuse branching of the single seminal vesicle 
on teach side, in the male, ia a etriking characteristic of the tax. 

In frec-martins the sondition as rsgards seminal vocieles 
is veried. All appear to hare developed as Pomales with some inhibi- 
tion of the vesicls growth, followed by increased atinulation, 
which causes inersased size, like that in the male, but with increased 
wumber ag in the female, or even more, &. g., the 20,2 om. frae- 
martin with 11 diverticula on each side. This is again a ease of 
a wale type of development, imposed upon a set of female primordia, 
the degree of which appoare to be a function of the time of inmeep- 
tion of the mals hormones, and the time slapscd from imeeption to 
the stage studicd. 

(¢) There appears to be a sexual difference in the rate of 
growth of the “filicrian ducts in stages that appcar to be sexually 
indifferent externally. In females the Willerien ducts reoch the 
simus earlier than in males, and as this oceurs in the femais, at 
least, before either sex has interstitial celis, it ia believed te 
be zygotically controlicd. 

(7) In females the eillerian ducts continue te develop inte 
the cetium, fallopian tubes, cornua uteri, corpus uteri, cervix uteri. 
and vagina, and remain continuous anid patent throughout. The 
retreat of the gonad and the altered proportions of the pelvic 
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region cause a looping of the cornua uteri and tubes. ‘The wagins 
and the uicrus increase greatly in diameter in later staces, and 
the former opens straight posteriorly into the dorsal corridor of 
the vestibuls. 

In males the ostium degenerates and leaves only the Wyaatia of 
Morgsen’, which is not always present, even up to 20.0 om. staces, and 
the duct itself degenorates completely in the tubar and cornua uteri 
regions. In all the stages atudied, a romannt of the corpus Beri is 
found as « vesicle, blind both anteriorly ant posteriorly, at the 
gunetion of the genital serds, or a> a solid strip in the region where 
corpus and cervix uteri would be in a female. ‘The vagina raseuline | 
ie present in stages stedied, but has degencrated to a vericle filled 
with epithelion, doreal to the openings ef the Yolffian ducts into 
the sinus, by the 20.0 om. stage. . 

In free-martins d-generation of the Willerian ducts gees on as 
in the wale, but it hae started later, after the duct had attained a 
more advaneed state than in the normal male, and, while degeneration 
seems to have been preceeding more or ess uniforsly threughoct the 
duct length, i+ disappears first near the anterior end, in the tubar 
region, and la:t, where the uterus and vagina would be. ere again 
the twe 9.0 ox. free-cartins show « variation in the condition of 
these ducts, correlated with that of the conad and Yolffian ducts, 
which points to a difference in time of onset of the male hermonc, and 
consequent longer tine of degeveration in fe. 2, acting on a less ad 
wanced stage of fomale differentiation, ao compared with So. 1, with 
later onset and shorter duration, acting on a much nore advanced 
stage of female developzert. In the oldest free-nartin no hydatid 
is found as in some males. ‘The other three present a series in doe 
generation of ‘he duct derivatives as in males, exespt that the onset 
of degéneration ha» cecurred at verious stages, and therefore hav 
reached various staces, always comparable to those of younger males. 

(8) In both sexes, and in the free-nartin, the state of de~ 
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velopsont co? both sats of ducts on the left side is mors advanced 
than these on the right sido, and this 4s particularly tru of develpp-— 
ment in the vale direction. The retrent of the conad ani of the sese- 
nephros ani the loop of the genitel cords all give evidenes of this. 
(2) In feuales, the saceus vaginalis usually fails to develop 
- © any considersble depth, while, in the male, i+ grows ventro-laterally 
through the inguinel canal to th: top of the scrotum, in the specimens 
studied, ‘The derivatives of the inguinal lig-ment, the round ligament 
of the fetalse, and the gubernaculur . testis. in the male, thile they 
bebave in wach the same sanner, are made to appear te do differently, 
by the differing developsent of the vaginal process derivatives, in 
the two sexes. {cth ligaments clongate, then thicken for a tine, 
then shorten; and, in the staces beyond this study, becouse reduced 
to their definitive condition, the evbernaculum in the bottom of the 
scrotum, and the round ligament in the body cevity. In the stages 
covered by this study, the round ligament lengthens and thickens in 
the aliiomen, becuuce there ia no saceus to reoaive it, ani the guber~ 
nagulum longthens, partiy in the abdemen, but costly in the seecus 
vaginalis, and thickens shelly in the saceus. Part of the round liga- 
ment is taken up inte the walle of the cormm uteri also, but it | 
thickens slighSly sore than the gubernsevium in the stages studied. 
Preo-wartins ars intermediate. ‘the same difference in degree 
of malenees is “ound in the tuo froe-mertina of the some age (9.0 om.). 
The others give 2 series of stages in whieh the saccus is deeper than 
in females, but scot ac dcop as in males of the same age, ani the 
‘thickening of the ingoinsl ligament derivative oscurs, partly in the 
gaccus, and partly in the abdomen, depending om the depth of the anccus. 
In the two latest stages, studied for this paper, the sacous had pens- 
trated the inguinel eansal on beth cides, but in some cases it penetrates 
on one side only, and that side develops as in o male, while the other 
gids develops as in a female. ‘there ro ld appear to be a tine after 


9h he tee 8 Siete -" oa peer wat ‘Sete 
_ khan atin aren alt ote > . 
yoda ory, a sehen sat et  shtde Aged etdaobivnsis 
Teens ot wnebonie 689 god odd ot Meee Lenka ale 
<a es yinte Qe! Leakage edt to avebtaptied off 
geet ata wedon eet at set _pmtirormredivg | ~~ signe? 
«eaten 2S oe ot sean. 09 Pe ee ee ee 
at .geeiiesiss® sorne ey lontgew ede Ld Sonbnutetquesd. ga leeNgthy 
AE gh eetekss sei? satagoeh: stenengl: dt wee § 
Seed tern a eet cha? teroped uegee cuj? 2t ioe nbontel 
Be aestot 23 at eis ioe, chin ait pista wed? ind Oe: 
Parts et | Seiler Teel x34, ch tom kl mes i 
ak ee lew ieddaeei demsas di Samet eat . gists ata? od & 
oS et ae sot ortemey 22 sesere ce gk ween? eougent ened: 
sc nee. aa sa ¥ , 5 POU ful wwmeeads off 2) teF0r oteetttayse L . 
ateth fate De ee ee ee . 


= 


ees 


= oe ai ee baka mares odt “io alias “edt ode ge mide? ahs ’ 


wage Fit wait ad Sopiwnce ote ‘st cage eros phates be 
al ee Sepsis oper ent wetuiver>dal Ores ey. esp 
pole eet Ss anid Pemansi tt ged wR od. dee? af 4 
ah ampaiis ch pre vs Mabe: SL ctigaads: sa metten s ori amie 
ee ‘Ge <n meee att Je poles cl o yooh og Her Bud he! 


"Dis ise reap NEN eR a 20 4 


sa me ele, nd St: olen. seuyate Soktn ont. 062. 
nee, Th seer ne 8 ek. aii into femee Temhoenl at 9 
ao _ aye: = apa aaageD sang seine abhe a 


ed oer) « 


end 


ee Se St eee = pe aa = 


which the canal cannot be penetrated, ami the left side saccus some- 
times is far enough in advance of the right one to penetrate, while 
the Picht does not. Im that case the left side develops « typical 
gubernaculus the right, a typical round ligament. 

(10) There is a sexual difference in the method and degree of 
degeneration of tho mesonephros. In feralesit takes place much more 
uniforsiy throughovt its entire length, and the cranial group of tubules 
de not retain a connection with the rete of the gonad and the Yolffian 
duct, ac is the case with maics. Sut the rete of the ovary retains 
some connection throuch the degenerated mesonephres to the ostium. 
An epeorhoron, from the cranial group cf tubules, and a parcophoren, 
of a fow tubules at the posterior end of the gonad, from the caudal 
group of tubules, romain at the 20.0 om. stacc. 

In wales, the cranial group of tubles retain their connection 
with both rete tectin ond “olffian duct as part of the spicidymia, 
and do not degenerate as in females. ‘the caudal group of tubules 
degencrates as ‘n the fewale, but remnants form the paradidymis, and 
@ singls isolated one, the vas or duetuc aberrans. - The whole meso~- 
nevhres is slightly slewer to degenerate in the male, and the rete 
testis does not connest to the ontius. Tlomeruli disappear after 
17.9 ome stage, and before 20,0 ox. ntage in both eexec. 

In free-martins, in all those studied, execpt the 11.75 om. 
one, where the Welffian ducts are absent in the anterior region, the 
cranial group of tubules act as a commection of the Yeiffian duct te 
the rete of the goned as in males, and, even in that cace, with mo 
anterior end of the Wolffian duct,‘ thé cranial group of tubules is 
retained. In the later stages it fo me part of the epididysis as in 
males, but is behind the normal malo, in state of development. in 
early stages studied, the rote is connected to the ostius remnant, 
though not so well as in females, while in later stages it is not, 
and resewbles a younger male condition. The characteristic paradidysis 
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and vag aberrans, of the malo, are found in the later staces, with 
more Resonephros remnants than i> either sex. the free-mertin fellows 
the male in degencration of the mesonsphros, not the female, but some 
Signs of the early fexcale oomiition are present here also. 

(21) The development of the urogonitel sims derivatives in the 
female, male and free-martin, io summarized in the detailed description 
of these organs and their development, and will oot be repeated here, 
exeept te point out again thet in freo-martins the cheracterization 
given for the female is equally applicable, with the exeeption that 
the sanmer of opening of the vagina and Polffian dusts inte the sinus 
varies; all the fres-cartins exespt the 9.0 om. Bo. 2 specimen were 
fenaie in that respect, and this one, in other reupects, was in a sore 
advances male condition than the others. ‘These ducte are mescderzal 
in origin, and the rest of the structures derived from the sinus en- 
tirely, are entodersa: in origin. | | 

(12) The normal development of the male and fexele external 
genitalia are d scribed under that heating im the general desorip- 
tions, a: was alco that of the fres-martin. It will be «orthy of 
nete here that there was not found in any of the froo-martins used 
in this study, nor in any o* the 31 others collected while pursuing 
this investigation, any sign of modification of extercal genitalia 
in the wale direction. ‘there is some tendency to emaller size of 
ex‘ernal genitalia in some of the cases, tut they ae, in all cases 
examined, completely female, and have only such minor variations as 
are found in single-born females. ‘the cerotus fails to form, even 
when descent of the gonado taken place, as in males, and uiders are 
present in eli cases examined. | 

| (13) The data given above support the theory of Lillie that 
the no condition is the result of the aetion of a mle sex- 
hormone, probably seerete’ in the interstitial celle of the testis 
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of the male co-tzin, ond paseed to the zygotically determined fomale 
im utero by placental vaceuler sraztosesis, and that this hermone 
modifies the female in the wele direotiog ebile the fewale aaa no 
influence on the aale. | 

(i4) It is believed that the factors urmderlying the different 
effects ami Gegrees c the sume effect of the hormone in different 
freo-martins of th: seme size, and in these of different elses are;~ 
(a) time of initial nermone action, which in tarn is dependent on the 
tise of hormone scoretion by the sale comtwin, or on the time of forma- — 
tion of the plocentel vasoular ansstomocia. 

{b) the Length of tice the neroone ha: been active, which taken with 
the conditier at time of onset, leads to the state arrived at in ony 
etege, a2 in males, but ».th the difference, that is sales it begina 
te act on o conmdit on that is approxizmetely comtant, hile im the 
free-mertin the icitia. condition ic subject to warlations depemont 
on (a) ami probably alse ©: differences in aygotically controlied 
éi¢f.rentiation of the organe at tine of on cet, as scugcested by Lillie 
(*23) and shown in a comparison of the 18.0 om. and 16.8 on. normal 
fexales described in thie ctudy, to be the care in later stages. 
These gysetic differences may alco affect the later develo ment under 
gox-hermone influence, as detercining the final condition arrived at 
in any epeoinen:stodied. 

(28) In all cases observed, the offects of thic hermone in the 
mete dirsetion have bean lin ted to organs of mesodermal oricis, and 
do not appear in these of emtederral origin oxeept as <cted for pare- 
urethral docte. 

(36) ac to the mode of action of the hormone, two types of view 
say be held;- | ? 

(a) that it ic epeeific in its action ami affeets each organ or set 6? 
ergens independentiy, by its peculiar ehomiea! constitetion, in « def .- 
nite and porsly qualitative manner, thus causing purely qualitative 
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changes dn eeeh organ under its influence. This places the specificity 
im the hormone, 

(>) that it hes & quantitative effect rather than « qualitative one, 

and «ltere the general life processes quantitatively. Thic ap perhaps 
be thought of «a fecting the rate of beanl eotatolier, pegoibly rais- 
ing that of the female up te, or mearly up te, thet of the male, thus 
allowihe each organ or set of organs te react in ite speci‘ic way to 
the changed conditions, ami in that degree which ia eslled forth by the 
Particular metabolic rate romehed in the individual, and correlated eith 
the different regions of the tissue itesif. Thia places the epecificity 
in the tissues thomseives and in their inherent tyres of reaction, and 
considers the ectics ef the hormone as purely quortitative. 

Shile it da not believed that this dieabe in any seme scottles the 
guesticn a te which is the rode hers at cork, some of she f ndings are 
suggestive. Many are gupable of irterpretation cither way, The de- 
gensration of the sevondary sex-cords or their nor-appearance in many 
cages may be explained sither os due to en altered general physiologi« 
Gal reaction wich is inhibitery to its formation ani causes ite de- 
gencration, or sles the hormone may be thought.teo be epecifie in acting 
directly on the tieoue. 

The reaction of the Millerien duct aay be a gpecifie reaction to 
an altered metabclic rite, or the hormone say be specific in ite action 
om the derivatives of be duct. If the latter view is held, it may be 
asked, wby the different parts of the duot which are derived from the 
game tissues, axl presumably receive the same dose of the hormone 
throughout in one individual, neither develop nor degenerate at the 
gane rate throughout, but may be prevent in a fair state of pre- 
servation in one slace and entirely gone in others, both regions 
having a common origin and the same dese of hormone, This can perhaps 
be easier understood and even be expeoted, if the hormone is not looked 
upon as absolutely specific in its action. y 
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, She Wolffien duct derivatives, particularly the sexical vesicles, 
in their derelopucnt, in the two sexes, end in the free-nartin, say be 
more eacily explained on a basis of quantitative reaction than on the 
purely qualitative ons. ‘the development of one, and at most tso cemi- 
mai vericles in normal sales, of which only the anterior one develops 
te any aggreciable sicse, and tho appearance of four or five in the fe~ 
wale, of which none grows strongly onovgh to ba noticeable in groas 
dissection, can be easily explained on ths basis of a specific hormons, 
end the lack o? it, or on the basis of an altcred quantitative physio- 
leogital reaction in the orgeniem. In the froe-martin, the growth of 
eleven of these diverticula en cach side, as found in ome case, to- 
gether with the evident male type of development found in several of 
then, out to a less degree than in the mele, and the evident graded 
serics that they form, hardly look like « spocifis hormone action, 
picking out the masle structures for stimlation and inhibiting the 
female ones, for it would stimulate only the anterior ons: bet can be 
understood better. perhaps, on the basis of the developacat of ocomon 
‘primordia under one pheyicolegical condition up te a certain state, 
then stimulated ag a whole te a quantitatively different condition. 
The varying degrees of development in the series of eleven vesicles ia 
a quantitative difference, not one of quality. ‘This is very auch like 
the sort of result producsi in,si°ple redetion systens by » dely dig 
ferent chowleal ro.gents, whieh work principally by altering the 
physiological reactions quantitatively. 

The earlier appearance of para-urethral ducte of female type is 
perheps hardly the action of a specific male horcone, wich should 
produce prostates of mile type; not merely stimilate the prinordiun 
of the fenale structure. 

The relative lengths of the urethra groper emi the type and de- 
gree of degeneration cf the mesonephrgs, are enpable of explanation 
either way. ‘The fact that that of the Pree-martin usually follows the 
sale, but is slower than either sex normal, is a quantitative difference 
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ss #01] as @ qualitative one in any case. 

The failure of tho urogenital sinus derivatives generally, to be 
affected is oxp sinable either way, It may be due, either to lack of 
susceptibility to altered phys ‘ological activity, cr to lack cf sus- 
ceptibility to the action of the specific hormone, possibly because 
past the critical stage before the horwone beeame effective, in wich 
Case carlier introduction mi ht affect then, es te being completely 
under sycotic control. 

General changes in body shape and behavior between the two sexes 
and frae-martin, while it is cupabie of satisfactory explanation on the 
basis of the quelitative specific hormone, ia equally sc, on the basis 
of a quantitative change in physiological reseticns initiated by the 
sex hormone, und working on tiasues throughout the body, which react 
specifically to it in varying degroes, dopending on their own physio-~ 
logical conditions relative to it. 

(17) That the horrone cust be continuously passed to the free- 
wartin te sustain the develooment or degeneration, which it initiates, 
would appear from the effect of castration on the general body sh pe 
of the wales in cattle after birth. the senival vesicles degencrate 
after castration ac shown for guinea pis by DeBornia ('08), Pisher ('23). 
They do not develop in cattle fomales, and are presumably dependent on. 
the testis in maloo, per it would sppenr that it io expecting such to 
suppose thet the effect on these and other structures in the free-martin 
is not dependent on the time the hormone has been active cr that if the 
hormone has been active and has initiated the development of the frese- 
mertin MEN that condition will develop te completion, if the 
hormone is sut off before such completion is arrived et, even though 
ite threshold of action is low, and, while present, it appears to follow 
the “all or none” law in action as sugeested by Lillie ('25). 
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GLOSSORY OF HOMOLOGOUS STRUCTURES IN MALES, FEMALES AUD PRES-MARTINS. 


Appendix testis, Hydatid of Morgagni, or Sessile hydatid;- the remnant 
of the ficbriae of the ostium found in males and free-nartins. 
(Seugebauer, MeWurrick, Prentiss and Arey.) 

Bu.bo-urethral or Cowper's glands; homologues of Bulbo-vectibular, bulbe- 
vulvar or Bartholin’s glands in females and free-mzartins;- compound 
tubular glands opening into the sinus botween prostatic and cavern- 
ous parts of the urethra. . 

(Sougebauer, Prentiss and Arey.) 

Cavernous urethra; homologue of bride pnienne or ridge on the under sur- 
face of the clitoris in females anid “frecemartins;- the part of the 
urethra adjacent to the corpus cavernosum penis or clitoridis. 
(Reugebaucr. ) 

Cervix uteri of the female is that part of the fused MSllerian ducts 
where the constriction cecurs between the corpus uteri and vegina. 

Descent of the gonads and Mesonephros;~- in both sexes the migration of 
these organs posteriorly as described for man by MolMurrick. 

Ductuli efferentes of the epididymis; homologues of the epophoron or 
per ovarium or organ of Rosemmiller:- the crania! group of sesone- 
phric tubules or their remains, the rete testis or rete ovarii. 
(ueMurrick) 

Ductus epididyzis, Vas deferens of males or free-nartins;- the homologues 
of the canals of the epcopheron or Jartner's ducts of females - the 
derivative: of the Wolffian or Mesonephric ducts. 
(Prentiss and Arey) 

Genital cord;- the ridge that contains the “elffien and Millerian ducts 
frou the front of the mesonephros to the uterus region. 

Germinal epitheliuz (both sexes) thove layers of the early gonad covering 
that continue to proliferate inward to give the sex-cords and the 
antecedents of the ger=-cells. 

| (willier) 
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Glans penis; homolgoue of glans clitoridis of females and free-martins - 
tip of the phallus cut off from the prepuce by the coronary sulcus 
and attached along one side and the definitive ventral surface by 

the frenulum of the prepuse. Rudimentary in females and free-mertins. 
(Heugebaver, Prentiss and Arcy, velurrick) | 
Gubernaculum testis; homologue to the round ligament in females and termed 
\as either according as it develops in the saccus vaginalis or in 
the abdominal cavity in free-martins, - the ligament that attaches: 
the goniteal cord to the bottom of the saccus vaginalis or such 
homologous structure as may be present derived from the vaginal 
process or canal of Nuck. 
(MeMurrick) | 

Wedulla of the gonad;~ that portion of the gonad formed by the primary 

sex-cords destined tc degenevate. 
(Willier) 

Membranous urethra;-that part of the urethra nearest the vulva in the 
female and free-martin)homologues to the part of the urethra 
between the prostatic and cavernous parts. 

Ostium tubae abdominale of the female is the open anterior end of the 
eviduct in the adult. Wo homologue in the male exactly. 

Paradidymis or organ of Giraldes in males and free-nartins;- the remains 
ie the caudal group of mesonephric tubules, homologous tc the 
paroophoron of the female. In maics and free-martins a single 
isclated tubule forms the Ductus aberrans. 

(McMurrick) 

Primary sex-cords;- the first set of tubule primordia that invaginate 
from the germinal epithelium either type of gonad, and cut off 
from this epithelium by the primary tunica albuginea. 7 
(MeMurrick ) 

Prostate glands;- socalled homologues of the pera-urethral dnote of Skeene 
found in females and free-martins, dhete isurroundi &gs prostatic 
urethra and vestibule. 

(Neugebauer, Melturrick) 
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Prostatic urethra;- the male homologue to the vestibule or vestibulum 
vaginas of the female and free-nartingthat part of the sinus uro- 
genitalis derivatives between the opening of the vagina ani the 
openings of the bulbo-urethral or bulbo-vestibular glands to it. 
(Neugebaver, McMurrick) 

Rete testis or rete cvarii)- those anterior cell-columns that grow from 
the genital ridge epithelium into the stroma ofths mosonsphros, 
and their derivatives, rete cords and rete tubules. . 
(toMurrick ) . 

Saccus veginalis in males and free-martins;- the derivative of the 
vaginal process of the peritoneus or the canal of Nuck. 
(Mcurrick) 

Secondary sex-cords or Cords of Pfliger;- secondary proliferations of the 
germinal epithelium into the interior of the gonad after the pri- 
mary ones are cut off by the primary tunica albuginea, and later 
cut off from the germinal epithelium by a secondary tunica. foe 
homologue in the testis. 

(Mebiurrick.; 

Seminal vesicles in males and free-vartins; homolo,ues of the Gartner‘’a 
ducts of females; one or more glands with their ducts that develop 
as lateral diverticulm from the vasa deforentia or Yolffian ducts. 
(Prentiss amd Arey) | 

Sub-urethral diverticulum of females and some free-martins without homo- 
logue in the wale; a pouch projecting forward under the urethra 
from the point of entry of the vagina into the vestibule. 

(Sisson) 

Supra-urethbral diverticulum of males only with neo homologue in females 
or free-martins:- a small pouch leading dorsally from the menbranous 
urethra poster’or to the openings of the bulbo-urethral glands. 

Tunica albuginea, Primary;- the layers of connective tissue primordiun 
that sepurate the primary sex-cords from the epithelium of the 
gonad coat. 

(#illier) 
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Tunica albuginea, Secendary;~ the definitive tunica of the ovary;~- 
the layers of connective tissue that cepurate the secondary sex- 
cords from the epithelial cover of the gonad in the female. 
(Willier) 

Tunica vasculose;- the vascular region inside the primary tunica al- 

 buginee and between if and the primary sex-cords. . 
(Willier) 

Urethra proper;- or pars proximealis vesicac;- male homologue of the 
urethra of the female anid free-martin;- that part of the urethra 
between the bases of the ureters and the Wolffian ducts. 
(Neugebauer) 

Uterus masculinus;~- Male homologue of the Corpus uteri of females;-— 
the derivatives of the part of the fused Mbllerian ducts nearest 
the point of union of the genital cords.  Cornua uteri are those 
parts of the Willerian ducts just anterior to the union of the 
genital cords and enlarged. 

Vagina masculine, Prostatic utriculus, or Sinus poeularis;- the male 
homologue of the vagina of the female;- the derivative of the 
enlerged posterior end of the anited uhllerian ducts. 

(Prentiss am Arey) 

Yulva of the female and free-nartin with no homologue in the male;~- 

the perfeorsted urogen'teal plate and its deorivatives,-used in the German 
sense ap outlined by Siscon; ‘Anatony of the Domestic Animals.” 


7 iit. 


he 96 Seve: Latndsige teem . 

me aX | a a 

f yuasieg w6t obinet apijet inten Sal “9 7 
- gaeoraee qrantog a baa {2 cownted bos stelged 


7 * 


getters att oreg tad? -¢sidwes-sect tne sisee’ ed? 30 auitieniaas 
satect: anit? Ri: ac? Baz evelew « > te eo had ei> seended 
(reuedeguat) 

pmo a Ye 2aedw eeeaee vidi Se ers 46) @@ -:eeniliscoame us 
i seeners araus eginel tie beax? od3 Yo gmq ett Yo zoviterineb edt 
‘oe be brats mmnes = .obseo Ler inay oa? To ariee To datog a 
ndt to peters ad} of woredsa form ace Nensbemanent cat Ts ateraly 

. »% eogrnaders oa aires Tet ines 

Lathe er oust’ +e ,celos?ade sigateos® ,2otiovsse - 

} “lo anise? ad? to ope formed 


7 


ninetex, tejtalee - 
| (york ace eaitaeet) 
_ neeton oat Bl emaclecodg 8s sis atixsa-set bos chats? of Ye 
os? at beee~ysevifteviows 22? tee efnly (of sagom belerotwey * 


oi , os a 
ets 

@ _ . ‘ 

: Senda satecas: oi he eeeenat p2esnit yd becilive gn eumes 


} 7 u ; } f id 
Ty Dy me fst) 
Pe ¥. A, 


Toi Meas 


oe 
Hy! 


ta 


hs 
a zi 


if 
‘ial 


ne hy ithe 


yi 
‘ge et 


i 


" 


all i 
a 


be . 
, « 
Deacidified using the Bookkeeper process. 
Neutralizing agent: Magnesium Oxide 
Treatment Date: Dec. 2012 
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